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EW for Anastomosis of Small Blood Vessels 


HE FINEST TAPER POINT NEEDLE 
EXISTENCE ... BV-1 



E OF If ATRALOC f NEEDLES WITH 
NEEDLE-SUTURE COMBINATIONS 

* the ethicon cardiovascular line 

'9 BV-1 Needle, swaged to 6-0 and 7-0 black braided surgical silk, 
-.pecially designed for anastomosis of blood vessels 
2 -4 mm. in diameter. It penetrates easily with virtually 
; resistance. Since the diameters of needle and suture approximate 
ch other, bleeding and trauma are minimized. The BV-1 
’edle-Suture Combinations are but a few of the 24 new ETHICON 
e dle Sutures designed to meet the specialized needs 
cardiovascular surgery. 
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ETHICON Surgical Gut, Electron Beam Sterilized in the new Foil Packet, is 
nproximately 10% stronger. And, because collagen-damaging heat sterilization 
. eliminated, Electron Beam Sterilized ETHICON surgical gut is more pliable, too. 
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electron beam 
sterilized 
surgical gut 



in the convenient new foil packet 
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antibiotic 



reduction in incidence and/or sever¬ 
ity of gastrointestinal side effects 
may be attributed to the far lower 



lligram intake 
and per day) '” 


1. Finland, M. : Hirsch, H. A., and Kunln, C. 
M.: Observations on Demelhylchlortetracyc- 
line. Presented at Seventh Annual Antibio¬ 
tics Symposium, Washington, D. C , Novem¬ 
ber 5, 1959. 2. Hirsch, H. A.; Kunln, C M„ 
and Finland, M.: Demethylchlortetracycline 
-A New and More Stable Tetracycline Anti¬ 
biotic That Yields Greater and More Sus¬ 
tained Antibacterial Activity. Mbnchen. 
med. V/chschr. To be published 3. Lichter, 
E. A., and Sobel, S.: The Distribution ot Oral 
Demethylchlortetracycline In Healthy Vol¬ 
unteers and in Patients Under Treatment 
for Various Infections. To be published. 

Capsules, 350 mg.—Pediatric Drops, 60 
mg /cc.-Oral Suspension, 75 mg /5 cc.tsp. 


GREATER ACTIVITY...FAR LESS ANTIBIOTIC...UNRELENTING-PEAK CONTROL...'"EXTRA-DAY" PROTECTION AGAINST RELAPSE 
-■ _ LEDERLE LABORATORIES, n Division of AMERICAN CYANAMID COMPANY, Pearl River,N.Y. 
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ETHICON Surgical Gut, Electron Beam Sterilized in the new Foil Packet, is 
approximately 10% stronger. And, because collagen-damaging heat sterilization 
is eliminated, Electron Beam Sterilized ETHICON surgical gut is more pliable, too. 
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NEW MODEL 


Bailey Guillotine 

Charles P. Bailey, M.D., New York, N. Y. 



G-2656* 

Guillotine, BAILEY: 
right, shorter sliaft, large 
jaw, point extending 3 
mm. beyond lower blade $94.50 


G-2657* 

Guillotine, BAILEY: 
left, longer shaft, large 
point extending 3 
, _ ' ., und lower blade $94.50 

•M- ' 


G-2660* 

Guillotine, BAILEY: 
right, shorter shaft, small 
jaw, point even with 
lower blade_$94.50 


G-2661* 

Guillotine, BAILEY: 
left, longer shaft, small 
jaw, point even with 
lower blade-.-$94.50 


The Bailey guillotine mitral knives (as utilized in the right¬ 
sided approach to the mitral valve at the Bailey Thoracic 
Clinic) are a superior model. They offer the following ad¬ 
vantages: 

1. They have finger rings for control allowing absolute 
operative security and ease in opening and closing the blades. 

2. Having a longer shaft than preceding models, the handle 
is well out of the way of the chest wall. 

3. They have a curved intracardiac shaft specially adapted 
for the right-sided approach. 

4. The point of the lower jaw has been fashioned to allow 
insertion into a fused subvalvular mass. 

5. The instrument is available in a specially designed 
“right” knife for the posterior commissure (with a slightly 
shorter shaft and different curve) and a longer "left” knife 
for the anterolateral commissure. 

6. The instruments are available with both a small under- 
jaw to allow a small exploratory' incision at the commissure 
when the production of insufficiency is feared, and with a large 
underjaw to allow a full bite of the more thickened or calci¬ 
fied valve that tends to slip out of the guillotine. 

7. The instrument has been specially made to fit close to 
the finger to avoid blood loss, and at the same time, to allow 
quick disassembly and washing in a few seconds between each 
instrumentation of the valve. 

Ref. Journal of Thoracic Surgery, May 1958. 


'Designates Stainless Steel 


STORZ INSTRUMENT COMPANY 

4570 AUDUBON AVE. ST. LOUIS 10, MO. 

New York Showroom 
157 E. 64th St. at Lexington Ave. 
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Electron Beam Sterilization preserves the natural 
elasticity of collagen. As a result Electron Beam 
Sterilized ETHICON surgical gut is more pliable, 
and averages about 10 per cent stronger, too. 


^electron beam sterilized surgical gut 
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Post-Operative Must 
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> The Gomco No. 766 Thcrmotic® Thor- 
i acic Pump is a special-purpose unit, de- 
\ signed specifically for post-operative 
; treatment of chest surgery cases. Requir¬ 
ing a minimum of attention, it operates 
‘ continuously over extended periods of time. 

y/ The 766 provides a high volume of suc¬ 
tion at low negative pressure. Approxi¬ 
mately 160 litres of air per hour are evac¬ 
uated on the low setting; approximately 300 
litres on the high setting. The casy-to-rcad manom¬ 
eter scale provides visual indication of the functioning 
of the apparatus. Negative pressure can be regulated 
from 0 to 25 centimeters of water. Easily rolled on 
rubber-tired casters, the greater portion of the unit 
conveniently slides under the bed. Height of the ma¬ 
nometer stand is 34’’. 

See why leading hospitals throughout the world provide 
chest surgeons with the many benefits of the Gomco 
No. 766 Thcrmotic® Thoracic Pump. Your Gomco 
dealer will be glad to demonstrate this or any of the 
other quality units in the broad and varied Gomco line. 


Gomco No. 766 
Thermotic® 
Thoracic Pump 


GOMCO SURGICAL MANUFACTURING CORP. 

850-M E. Ferry St., Buffalo 11, N.Y. 

Distributed Outside the U.S. A. and Canadi by: INTERNATIONAL GENERAL ELECTRIC COMPANY 
150 East 42nd Street, New York 17, N.Y. 
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they may look the same...but 



one suture is more pli 


Electron Beam Sterilization preserves the natural 
elasticity of collagen. As a result Electron Beam 
Sterilized ETHICON surgical gut is more pliable, 
and averages about 10 per cent stronger, too. 


^electron beam sterilized surgical gut 
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When tuberculosis 
defies standard therapy... 



and pulmonary surgery is un¬ 
dertaken in the presence of 
bacterial resistance, 

VIOCINsr 

in combination with other 
agents provides protection 
against the operative compli¬ 
cations prevalent under these 
conditions. 1 -® 

Professional literature (details 
of dosage, administration, con¬ 
traindications and toxicity) is 
available upon request. 

Viocin is available in vials of 
1 and 5 Gm. dry powder for 
preparation of solutions for 
intramuscular injection only. 


References: 1. Webb, W. R„ and Sparkuhl, K.: Dis. Chest :4S 1-495 (Nov.) 1958. 2. Pecora, 
D. V.: Am. Rev. Tuber. 77: 83-92 (Jan.) 1958. 3. Pines, A.: Tubercle 55:189-193, 1957. 4. Edge, 
J R Ramie!, M., Scott, N. C., and Weber, J. C. P.: Riit. J. Tuberc. 51:1GS-172, 1957. 5. Davey, 
W. N.: GP 19:107-117 (Jan.) 1959. G. Pxcutze, K. H., and Pyle, M. M.: Radiology 71: 340-344 
(Sept.) 1958. 
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they may look the same...but 


one suture is 



Because ETHICON Surgical Gut is Collagen- 
Pure, it is virtually non-antigenic...causes 
minimal tissue reaction. And the strength and 
pliability inherent in Collagen-Pure Sutures 
are preserved by Electron Beam Sterilization. 


collagen-pure surgical gut 


electron beam sterilized 
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\ The Gomco No. 766 Thermotic® Thor- 
\ acic Pump is a special-purpose unit, de- 
. signed specifically for post-operative 
1 treatment of chest surgery cases. Requir¬ 
ing a minimum of attention, it operates 
continuously ov cr extended periods of time 

/ The 766 provides a high volume of suc- 
■ —^ non at low negative pressure Approxi¬ 

mately 160 litres of air per hour arc evac¬ 
uated on the low setting, approximately 300 
litres on the high setting The easy -to-read manom¬ 
eter scale provides visual indication of the functioning 
of the apparatus. Negative pressure can be regulated 
from 0 to 25 centimeters of water. Easily rolled on 
rubber-tired casters, the greater portion of the unit 
conveniently slides under the bed Height of the ma¬ 
nometer stand is 34’. 

See why leading hospitals throughout the w orld prov ide 
chest surgeons with the many benefits of the Gomco 
No 766 Thermotic® Thoracic Pump. Your Gomco 
dealer will be glad to demonstrate this or any of the 
other quality units in the broad and v aned Gomco line 
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850-M E. Ferry St., Buffalo 11, N.Y. 
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THE RELATIONSHIP OF POSTOPERATIVE ACIDOSIS TO 
PULMONARY AND CARDIOVASCULAR FUNCTION 

George H. A. Clowes, Jr., M.D., Andrzej Alichnieuncz, M.D. (by invitation), 
Louis R. M. Del Guercio, M.D. (by invitation), and David Gillespie, M.D. - 
(by invitation), Cleveland, Ohio 

T he normal response to trauma which leads to recovery is becoming es¬ 
tablished . 20 Made up, as it is, bv the intricate combination of compensatory 
functions of several organ systems, many variations are possible. Yet, only 
through knowledge of the general pattern and the degree of variation in a given 
patient can an estimate of his postoperative state be achieved. Following 
thoracic surgical operations, the system which most obviously fails is the circula¬ 
tion. Yet, in the majority of instances, this is secondary to respiratory inade¬ 
quacy which results in chemical changes of the blood, detrimental to cardio¬ 
vascular function. 

From observations made upon patients subjected to pulmonary resection 
and other endothoracic procedures, it is the purpose of this paper to outline the 
pattern of the circulatory and the respiratory response during recovery in the 
first week. A comparison of their normal relationship with the situation existing 
in several patients who were hypotensive at various times during the recovery 
period suggests that, in man, prolonged acidosis associated with hypoxia leads, 
if not corrected, to sudden death from circulatory collapse. 

Beecher and Murphy 2 drew attention to the profound acidosis which may 
develop during thoracic operations. Since that time, considerable work has been 

From the "Western Reserve Unhersity School of Medicine, Department of Surgery, Cleve¬ 
land Metropolitan General Hospital, Cleveland, Ohio. 

This work was supported in part by a grant from the National Institutes of Health, 
HC 1217-C-6. 

Read at the Thirty-ninth Annual Meeting of The American Association for Thoracic Sur¬ 
gery at Los Angeles, Calif., April 21-23, 1959. 
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The Gomco No. 766 Thermotic® Thor¬ 
acic Pump is a special-purpose unit, de¬ 
signed specifically for post-operative 
treatment of chest surgery cases. Requir¬ 
ing a minimum of .mention, it operates 
continuously over extended periods of time. 

The 766 provides a high volume of suc¬ 
tion at low negative pressure. Approxi¬ 
mately 160 litres of air per hour arc evac¬ 
uated on the low setting; approximately 300 
litres on the high setting. The casy-to-rcad manom¬ 
eter scale provides visual indication of the functioning 
of tire apparatus. Negative pressure can be regulated 
from 0 to 25 centimeters of water. Easily rolled on 
rubber-tired casters, the greater portion of the unit 
conveniently slides under the bed. Height of the ma¬ 
nometer stand is 34". 

Secwhy leading hospitals throughout the world provide 
chest surgeons with the many benefits of the Gomco 
No. 766 Thermotic® Thoracic Pump. Your Gomco 
dealer will be glad to demonstrate this or any of the 
other quality units in the broad and varied Gomco line. 
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petuliantiLs m (liuil and eloetiohto balance 31 "Inch add anothci set of pioblems 
1o the study ot tlie cncuLitoiy, lexpnaton, and electiolyte ebanges caused In 
ihoniLOtomy 

These patients ueie dnided into tbice sections (1) tliose undei going 
pneumonectomy, (2) paitial lesection (lobectomies, segmental, and "edge re 
sections), and (3) thoiaeotomy ioi opci.itions upon stmctuies otliei than the 
lung Ot the 5 patients ulio died, all m the postopeiatne penod fiom 4 to 
10 dais Intel, 4 bad undcigonc pneumonectomy and 1 a lobectomy 

The 10 patients lvlio bad pneumonectomies langed m age fiom 37 to G4 
'uth an aieiage of 49 years Fnc weie opeiatcd upon for tubeiculosis and 5 
toi cancel The aieiage maximum bieatlnng capacity "as 75 ± 12 per cent of 
the piedicted normal and, m only two instances, was tlicie an delation of the 
iwilking icntilation aboie 11 5 L pci squaic mctei sui face area per minute 

Of the 25 patients upon "horn a paitial lesection uas poifoimed, 1G had 
tubeiculosis, 1 cancel, and the otheis a uiieti of infections The aieiage 
nia\iminn bieatlnng capaciti uas 7S pci cent ot the piedicted noimal The 
maximum bieatlnng capacity of 3 onli uas bclou 55 pci cent One ot these 
subsequently died 

Ten patients underwent intiathoiacic opciations otliei than upon the limg 
01 these tlicie ueio two esophagectomies, thico lepairs of hiatus hernia, three 
decortications, one closuie ol bionehoploiual fistula and thoracoplasty, and one 
exploiation without lesection The patients’ ages innged from 40 to 66, with 
an aieiage of 55 With the exception of 2 of the patients subiected to decoitica 
tion, "lio had maximum bieatlnng capacities bclou 55 per cent and vital 
capacities bclou 53 pei cent of normal, the lcspnatoiy function of this group 
uas fan, with an aierage maximum breathing capacity of 78 ± 10 per cent of 
normal 

None ot the patients uas hi peitensne In 3, theie ivas ei idence of pievious 
myocaidial damage oi anhythniia by electi ocai diogi am, oi walking ventilation 
lalues aboie 11 L pei squaic metei pei minute m 3 One of these subsequent!' 
suffeied auuoulai flbuUation folloiung lobectomi 

In all the patients leported, a combination oi Pentotlial (for induction 
onljd, nitious oxide, otliei, and oxygen uas employed foi anesthesia In 14, 
Anectme uas used at the time of intubation of the tiachea The mayonty ucre 
lentilated during thoiacotomy by manual compiession of the bag A mechanical 
lespiratoi was employed duiing all oi pait of the procedure in 7 Postopeiative 
caie included the use of oxigen by nasal catlietei for 1 day, or moie, if needed 
Fluids uere hmited to blood replacement and appioximately 1,500 cc of 5 
per cent glucose in uatei duimg the fust 24 horn’s Theieaftei, the patients, 
with the exception of those "ho had esophagectomi, took fluids by mouth 

All of the patients undciuent studv m the pulmonaiy function lahoiatoiy r 
by sueh tests as weie deemed necessaiy to arnie at a decision concerning the 
suitability and risk of tlie pioposed operation This included maximum bieatli 
mg capacity, walking lentilation, timed vital capacity, function fluoioscopy, and 
broneliospn ometi v 
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Thereafter, in the subsequent periods outlined, the respiratory observations 
made were on respiratory rate, tidal volume, and vital capacity. These were 
done with the aid of a Collins recording respirometer.* The preoperative con¬ 
trol tests of this group were made with the patient reclining in bed under 
circumstances similar to those encountered postoperatively. No ventilatory 
measurements were made during anesthesia. Although tidal volume and 
respiratory rate were measured within the period of 3 to 5 hours after the 
operation, it was often impossible to obtain meaningful records of vital capacity 
due to the patient's inability to cooperate. 

The hemodynamic observations included arterial blood pressure and pulse 
rate in all patients. The first was obtained by auscultation with a sphygmoma¬ 
nometer on an arm. Venous pressure determinations were made serially in 10 
patients by the free fall of saline in a spinal manometer attached to the vena 
caval catheter. The zero line was placed at the estimated level of the right 
auricle. 

Serial cardiac output determinations were made in 14 of the patients. The 
principle of measurement of cardiac output by the use of dye dilution curves 
recorded from the arterial system depends upon the injection of a measured 
amount of dye into the venous circulation as close to the heart as possible. 22 
It is diluted by the blood pumped through the heart, and flow can he calculated 
by dividing the quantity injected by the average concentration of the dye 
measured in the arterial blood during the period of one circulation. The 
quantity of dye in the continuously sampled arterial blood can be measured 
photometrically, 22 and produces characteristic curves of concentration during 
the first and second circulation. The area of the first curve extrapolated at its 
termination to the base line can be converted to milligrams of dye per liter of 
jjjood by comparison with calibrations from known dilutions oi the dvc in 
litmples of the patient's blood. 

The dye used for injection was Indocyanine Green.T ,r ’ Arterial blood was 
Irawn through a densitometer (Model NC-lOOAi) and the electrical output 
•ecorded on a high impedance recorder amplifier (Model 12G-127§). Constant 
low of arterial blood through the densitometer at 7.64 c.c. per minute was 
obtained with an infusion-withdrawal pump (Model 600-900j|). The quantity 
of dye injected ranged from 0.07 to 0.14 mg. per kilogram of body weight. A 
planimeter was used to calculate the area under the curve with the descending 
limb extrapolated to the base line. Calibration of deflection of the curve was 
carried out after each set of determinations by drawing heparinized samples 
of the patient's blood containing known dye concentrations through the densi¬ 
tometer at the standard rate of 7.64 e.e. per minute. From the arterial blood 
pressure determinations obtained with a sphygmomanometer at the time of the 
dye curve, mean pressure was approximated as the average of systolic and 

•Warren E. Collins Company, Boston, Mass. 

vHynson, Westcott, and Dunnfnp, Baltimore. Md. 

tTha Waters Corpoiation. Rochester, Minn. 

5The Sanborn Company. Ofinbridce, Mass. 

' Harvard Apparatus Co. Inc.. Hover. Muse. 
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diastolic Pcnphetal usistnncc was calculated m absolute units*” b\ tin 
tmmnla 

Total Peilplieiat Kesistawe Hum Aiteiuil B P (mm Hr) x 1,332 
(dvne seconds/em-”) “ Caidmc Output em Vsec 

Aitonal blood gas dctcimunitions weie made upon samples obtained at each 
pcuod of obscnation Drawn into oiled sjimgcs scaled with meicun, the 
pH was moasuied with the Oambndge pll metei* ami collected foi teinpeia- 
tuie These insults weio liequenth cheeked in a pH metei heated to 38° C 
which showed little dec nation fiom the calculated icsults t 

The jici cent of oxwgen saturation of the blood was calcuhtcd fiom the 
nomogt.im of Dill, 11 cmploung pH and pO, tallies The lattu i as determined 
in appioximatcly one half of the specimens In the babble technique of Rilet 
and his co woikcis 3 * For the lemaindci, owgcn content, as mcasuied In the 
method of Van Sis he and Neill, 13 was conipaied with capacity to aime at a 
talue loi the pci tent of salutation Wien both weio available thee weie 
(becked against each otbei In gcneial, tbeie was close agieement 

The carbon dioxide tension was calculated cmplojing the nomogiam ot 
Smgei and Hastings' 1 which lequnes knowledge ot the hematocut, pH and 
t'Uhon dioxide content ohtmned fiom Van Mtk< imhsis 13 Moie than one 
half of these mines was eliccked again with elose ignun nt b\ caibon dioxide 
tensions mcasuied bv the bubble technique 31 In 11 insta ius wheie theie was a 
disci opanct, the tallies obtained by the lattei method wen accepted 

Blood elcefrohte tables weio obtained fiom the hepannizcd nrtenal samples 
taken at the times the lespuatoiy and othci tests weie earned out Sodium and 
potassium coiiceiitiations weie mcasuied with the Band! flame photometei 
Foi the dctcimmation of ionized calcium, plasma fiom artenal blood col 
lected under oil tvas subjected to ultiafiltiation in a modification of the Lavietes 
(ell" 1- This is so ananged that the filtrate is separated from the cellophane 
imminent bv a later of mcicuiy to atoid tlie mtcrfeicnce of dialtsis Both 
total and filtiablc calcium coneentiations wcic deteimmed by the EDTA titin 
tion method of Can and Fiank” In oidci to anne at a talue foi ionized 
calcium fiom the nomogiam of JleLean and Hastings for tlie dissociation of 
calcium citiate,’ 2 it is necessary to know the concentration of citnc aeid m the 
filtiate which was obtained bt the technique of Bttmgei, Goldbaum, and Smith *" 
Plasma lactate tallies weie measmed by the colonmetne method of Baikei 
and Siunmersen 1 Inoiganie phosphoius and piotem letels m tlie plasma tveie 
obtained lit the methods uspectitelv, of Fiske and Subbaiow 13 and 'Weiehsel 
hanm 41 

RESULTS 

Data concerning tlie circulation, respnation, aiteual blood gas and pH, 
and the blood electrolyte pattern of the patients who survived tlioracotomj are 

•Cambridge Instrument Company Cambridge Mass 

‘Courtesy Dr Pjron Btoor 

$The Baird Com pan j Cambridge Mass 
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r" 1 ' 11 "ith tliiii standaid deviations m Tallies I II, III, and IV To penult 
(omp.uNon ol 1 he elicits pioduced at diffeient stagis oi lecovciv In the thioi 
l\pis ot opciatno pioiedme, each table is dmded to piesent scpaiateh tin 
‘lata iiom lmeumoncitonnes, paitml lcxections, and otliei liitiatlioiacie opoia 
turns As nm\ be seen iiom examination of the standaid deviations, little sig 
liifiiant difteunie exists m the obseivations obtained fiom the tlnee groups 
Attention will be di.ivvn to thosi situations m which impoitant sanations do 
oeeui Tot lonv(minie, then, the aveiage valuis i’oi sunning patients aie 
gin n in Figs 1,2 3, and 4 

Fin p itnnts du d postoperative]! at times ranging fiom 4 to 10 davs post 
opeiatiulv In lach instante tins followed lcspnatoiv insufficiency from pneu 
mount The data iiom tliosi patients are picscnted jn Table V The course ot 
a pitunt tv|)ii il ol those in this gtoup who died is given in Fig 5 


HEMOOYNAMIC SALE'S or 
12 PATIENTS SURVIVING THORACOTOMY 
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Me l 

CiiLuhtloni Obsciuilwns —Little difitcicnci in blood piessiue oi pulse late 
(Table I) existed in the lesponse of the tlnee surviving groups to the opeiation 
Adequate data fiom seiml observations aie available on the cardiac output ot 
14 patients The aveiage picopeiativc caidiac output by the dye dilution 
technique was 5 33 L pei minute with a standaid deviation of ±0 96 liter 

Although llieic was onlv a modeiate and statistically insignificant depies 
sion of blood piessme during the induction of anesthesia and the opeiation, the 
aveiage caidiac output fell 9 ± 59 pei cent in the fiist period, and later in the 
opeiation to -32 + 10 5 pel cent fiom the contiol level The lattei is significant 
(p < 0 02) At this time, the aveiage total penplieial lesistance lose to 45 + 
13 4 pei mil above the preopeiative value of 1,857 dynes cm/sec 5 Later m 
the opeiation tin caidiae output returned toward normal, being 16 2 ± 2 56 per 
cent below the pieopeiative level The blood piessme was also returned to 
neailv noimal values giving a calculated penpheral resistance 16 ± 9 8 per cent 
above nonnal 

The vena caval piessiue piomptlj lose fiom 5 8 ± 15 cm II-O during the 
induction ot inesthesia and intubation to 14 5 + 6 2 cm Throughout the re 
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mnimlei nt the opeiation it lemamcd elcxated between lb and 18 em H.O on 
(be nxeiage, with a gioitest standard donation of ±182 Following e\tnbation 
it letmmd to ncm pieopeiatnc let els wlieie it lcmaincd tlnongli the con 
x .descent pcnod 

At the tcimunition of the opoiation when the tube was lemoxcd fiom the 
huxn\ a slight fall m blood ptessuie took place m all patients to an ax ci age 
ot 101/(51 mm Ilg, but caidiac output incicascd in all The axciage xaluc was 
(10 2 x 3G pci cent nbo\e the pieopciaUxc Icxcl The Inigo standaid dexiation 
is due to the gicat use in 2 patients to -210 and +232 pei cent At this time, 
petipheial lcsistance was found to be dceicased 26 ± 7 7 pel cent undei the 
lasting xalue Up to 1 week, caidiac output lcmamed elexated, the gicitest 
being on the second postopeintne da\ when it was 31 ± 23 9 pei cent oxei the 
pieopeiatnc lex el Bj the end of a week it had letumed to 19 6 + 1C per cent 


VENTILATORY VALUES FORTY PATIENTS SURVIVING THORACOTOMY 



Fig 2 Fig 2 


The blood piossuie and pulse late ol patients who died postopei.itixclx 
bohaxed m most icspects m a iasluon smnlai to those of the sunnors until 
2 to 3 daxs pnoi to death As sliowui in Table V, the pulse late was signihcantlx 
elexated ahoxe that of the suixixors at a coircspondmg tune Moie impoitant 
the mean ot the blood picssuies xxas somewhat lowei 2 daxs befoie death and 
significantly lowei on the dax befoie (94/52 + 8/12 nun Hg) and on the dax 
ot death (85/48 + 7/20 mm Ilg) It was notable that blood piessme tended 
to change abruptly upxxaid and doxxnxxaid duimg the last 2 daxs, as measmed 
iiom lioui to lioui In guieial, the pulse late xaned mverselx as the blood 
Ptessuie m this period No consecutixe data aie axailahle conccining caidnc 
output m this gioup 

1 enhhihon —The patients who sunned pneumoneetomx, putial leseetion 
ot lung, and otliei intiathoiacic pioeeduies xxeie compaiable pieopeiatnelx and 
showed no significant diffeiencos of lespnatoiv late m then tidal xolnmcs 
which axeiaged 460 ± 90 ee, or the vital capacities xxluch axciaged 76 ± 12 pei 
cent ot the predicted normal As shown m Fig 2, theie xxas a model ate redue 
tion in tidal volume xnth an incicase of lespuatoix late in the eailx postopeia 
tne couise Duimg the first day aftei the opei it ion, the mean tidal lolume of 
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tlioso who had lobectomies (370 + GO ce ) icmaincd below that of the othei two 
gioups The pneumonoctoinics .imaged 450 + 70 c c In the matority, tidal 
■volume had letiuned to noimal bj the fonitli day and m all by the end of a 
vv eck 

Vital capacity on the dav aftci the opciation fell significantly m all cases 
to levels aveiaging 28 pel cent of the piedicted noimal This reduced the 
aveiage lcspnatoiv lesene in the thieo gioups to between 24 ahd 37 pei cent 
of what it had been befoie the opciation As may be seen fiom Table II this 
reduction of vital capaeitv was least among the postoperative pneumonectomies 
B\ the end of 1 week, the aveiage vital capaeitv icached a level of 51 pet cent 
of the picopoiativc value ot 38 pci cent of nounal The patients who died did 
not show mu statisticalli significant diffeicnce m lespnation from the sui 
mois although tidal volume tended to be lowei 

Arfcnal Blood Gat and Ilydiogen Ion ConccnUatwn —Pieopciatnelj their 
weie 5 patients with aitenal blood owgcn saturations below 90 per cent These 
tanged fiom 78 to 89 pci cent Of these, 1 had a modeiatelj elevated pCO. 
Othoiwiso taibon dioxide tension was nounal m all of the patients 


ELECTROLYTE VALUES OF 
PATIENTS SURVIVING THORACOTOMY 



Far 4 


Puling the induction of anesthesia, 19 patients weie found to be acidotic 
Ten of these weie giosslv so, with aitenal pH values below 7 30 Subsequentli 
m the comse of the thoiacotomj, acidosis was present in 21, 5 of them having 
pH values between 7 2 and 7 3 The pH of 3 was below 7 2 Thiee to 5 bom's 
following the opciation, acidosis was observed m 12 patients, although 5 of these 
had not been acidotic dm mg the operation 

In each case, the acidosis was i elated to CO- retention Caibon dioxide 
tension on tin aveiage, as shown m Table III, was above or at the uppei limits 
of nounal, with laige standnid deviations indicating the nude range of obseiva 
tions dm mg these ponods 

One case m pniticulai is repoited in this connection 

E II (U S'Ul'Si), h 17 juir old Negro man, was admitted to Lonmin Pavilion with a 
diagnosis of c i\ it nr) tubcuuloHis of tlio right upper lobe, 5 months prior to operation Ho 
was trcited with i*>onin/id mid para ammosalicvlic acid The vital capacity nas Gl 
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cent and maximum breathing capacity 78 per cent of predicted normal. Blood gas studies dis¬ 
closed the arterial pH to be 7.40; pCO ; , 44; and oxygen saturation, 93 per cent. Blood 
chemical determinations were also within normal limits. The patient was in good condition 
and considered a satisfactory candidate for right upper lobectomy. This was undertaken on 
Sept. 11, 1958, and the operation was accomplished without difficulty in approximately 3 
hours and 20 minutes. However, it was noted that the patient breathed at times with great 
effort. The blood pressure dropped from the preoperative level of 120/80 to 85/60 mm. Hg 
during induction and subsequently returned to 125/90 from which it gradually fell to 
102/82 by the end of the procedure. As the chest was being closed, it was reported that the 
arterial pCO. in tire blood sample, drawn an hour before, was 145 mm. Hg and the pH 6.91 
while oxygen saturation was 93 per cent. Investigation disclosed that through an oversight, 
the CO; absorbing cannister had not been placed in the anesthesia machine. By slowly 
diluting the bag mixture with oxygen to avoid a sudden shift to pure oxygen, the pCO, was 
reduced. Within an hour, the arterial carbon dioxide tension was 62 mm. Hg while the pH was 
brought up to 7.21. The blood pressure fell to 72/50 mm. Hg. A gram of calcium chloride 


TM J LK4099 
PNEUMONECTOMY 
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administered intravenously promptly restored it to 105/74 mm. Hg. During the subsequent 
4 hours, the arterial pCO. was reduced to 36 mm. Hg, although the pH could not be made to 
rise, above 7.22. The blood lactic acid was 52 mg. per cent. The potassium rose to 5.9 mEq./L. 
while the ionized calcium dropped to 0.7 mM./L. At this time the patient was anuric, but 
urinary output started 4 hours postoperatively and quickly increased in volume. Within the 
next 3 hours, 750 c.c. was excreted. Concurrently with the onset of diuresis, the arterial pH 
rose slowly to 7.38. Except for some lassitude and a headache for 2 days, the patient made 
an otherwise uneventful recovery. 

Throughout the postoperative period, the oxygen content of the arterial 
blood was maintained near normal in all but 2 of the patients surviving pneu¬ 
monectomy. In these, it was depressed only for a single day during a critical 
period. On the other hand, as shown in Table III, there was a significant fall 
of hemoglobin oxygen saturation among the patients who underwent lobectomy. 
This was most noticeable on the second day postoperatively, when the average 
oxygen saturation had fallen to Si ± 6 per cent from 93 + 4 per cent (p < 0.05). 
This trend was less marked in the third group of patients who underwent opera¬ 
tions on structure other than the lung, but was particularly noticeable among 
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the 3 patients Mho underwent decortication On the second postopoiatnc dm 
the hemoglobins ueie 81, 84, and 85 pci cent satin ated fiom preopciatno con- 
tiol lei els w Inch tanged fiom 87 to 03 pci cent saturated 

The data in Table V suggest that the blood gas values oi the patients who 
died ueie not significant^ dilifeicnt fiom the sumiois dining the opeiation 
and foi 2 dais theieaftci But when the available data foi the 2 dais pi erod¬ 
ing death me examined, it mil he seen that, despite effoits to impioic lespna- 
tion hi aspnation, tiaclicostonn, assisted lentilation, and other measiues, there 
uns a piogiossue and significant fall of oxigen saturation to an aieiage of 
7G ± 8 pel cent on the dai pieeeding death The aiteunl pit also fell to 7 2G 
In 3 patients iallies between 7 12 and 7 28 wcio recorded just befoie death 
The pCO. lose l caching a lei el ahoie GO mm Hg m the 3 patients front whom 
blood was chaim on the dai pnoi to death An example of this is shown m 
lhg 5 

Blood Blccitohjtcs, Lactate, and Phosphate —Among the sniveling patients 
theie is little difteionco m the pattern of blood clectiolyte response A sig 
nificant fall m sodium took place which was most pionoimced on the afternoon 
of the opt i,it ion and t ho following dai It was not unusual to find the plasma 
sodium below 128 mEq L 
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POST OPERATIVE 

PEPIOD 


nlmbek 

OPERATION 1 

1 IKEOl 

ANFS 

TIIFSIA 

| OPEPA- 1 
TION 1 

L 5 nr 

| 1 IMA 

! 2 DAT S 

3 4 

DAYS 

1 

WEEK 

5 

Pneumonectomy 
Sodium (niEq /L ) 

137 ±C 

134 + 6 

132 ±5 

135 + 5 

m ±3 

133 ± 5 

134 + 4 

137+5 

7 

Potassium 

3 Oi 4 

3 0 i 4 

4 0 ± 3 

4 0+4 

3 7+ 3 

3 7* 3 

30+5 

3 8 ± 4 

G 

(mEq /L ) 

Ion calcium 

5 8 ± G 

G 5 ± 5 

5 0 ± 5 

4 G± 4 

5 0± 5 

5 2 ± 4 

5 3+4 

52+4 

G 

(mg %) 

Lactate (mg %) 

1°±4 

1G±3 

27 ±5 

17 + 6 

20 ±4 

13 ± 5 

14 ±5 

10 ± 4 

20 

Partial liesection 
Sodium (mEq/L) 

141 ±0 

130 ± 7 

133 ±4 

231+5 

135 ±6 

135 ±5 

140 + 7 

HO + 4 

23 

Potassium 

3 9 ± 3 

4 1± 5 

3 9+4 

3 0+5 

4 4± 3 

4 1± 3 

3 9+3 

3 9 ± 3 

23 

(mEq /L ) 

Ion calcium 
(mg %) 

Lactate (mg %) 

3 3± 4 

5 5 ± 2 

4 9± G 

4 1+4 

45± 9 

5 3± 3 

52+3 

5 1± 4 

23 

10 ±4 

17 ±6 

25 ±7 

26 + 5 

17 ± G 

1G± 5 

11+5 

9 + 4 

9 

Other Thoiacotomirs 
Sodium (mEq/L) 

138 + 7 

132+5 

135 + 7 

131 + 6 

120 ±6 

131 ±7 

138 + 8 

13S ± 6 

9 

Potassium 

3 8+3 

3 G i 2 

4 0+3 

11 ±2 

4 0+2 

4 0+2 

40+3 

3 7 ± 4 

8 

(mEq/L) 

Ion calcium 
(mg %) 

Lactate (mg %) 

G Oi 5 

50+3 

4 6± 3 

4 6+2 

4 9± 3 

5 3 ± 4 

56+3 

S 

11 ±3 

14 + 5 

21 ± G 

24 + 3 

19 ±3 

13 ±3 

14+4 

10 + 3 


The potassium lei els iveie eithei not changed oi onli icij slightly cleiated 
on the fiist and second dais postopeiatnelj These diffoiences ueie not statis 
ticalli significant 

The lomyed calcium lei els weie depi eased consistent!! and significantIj 
(p > 0 02) m all gioups on the afternoon of opeiation to a leiel 21 pei cent 
below that found pieopeiatneli In geneial, these had letmned to their eon 
tiol i allies bi the second dai 
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Tlie average concentration preoperatively of inorganic phosphate was 
3.3 ± 0.5 mg. per cent which rose to a peak during the operation and in the 
immediate postoperative period to 4.5 ± 0.6 mg. per cent. This returned in the 
course of the next 2 days to the preoperative value. The blood lactate followed 
a similar pattern starting at 10.7 ± 4 mg. per cent and rising on the average to 
24.4 ± 6. This ordinarily required 3 days to drop to normal. In those patients 
who were hypoxic or hypotensive, lactate values as high as 57 mg. per cent were 
seen. 

Summaries of the histories of surviving patients who developed transient 
postoperative pulmonary insufficiency and hypotension follow. 

W. B. (U-S032G), a 62-year-old white man who underwent an uneventful pneumonec¬ 
tomy for tuberculosis on April 19, 1956, had a preoperative vital capacity of 69 per cent and 
a maximum breathing capacity of 80 per cent. In other respects also he was considered a 
satisfactory candidate for the operation. On the morning after the operation, he continued 
to be hypotensive (B.P. S0/5S). Both physical examination and x-ray disclosed atelectasis 
of the remaining lower lobe. The arterial pH which had been normal before and during the 
operation was 7.29. The carbon dioxide tension had risen to 65 mm. Hg and the oxygen 
saturation was S2 per cent. Lactic acid and potassium were both moderately elevated, the 
latter to 5.8 mEq./L. Bronchoscopy was performed with the removal of a mucus plug giving 
good aeration of the lobe. Blood pressure promptly returned to 130/92 mm. Hg. An arterial 
blood sample drawn a few hours later revealed that pH, pCO., and oxygen saturation had 
become normal again. He made an uneventful convalescence thereafter. 

T. C. (U-45764), a 48-year-old white man, was admitted for cavitary tuberculosis in¬ 
volving the right upper and middle lobes. The preoperative arterial pH was 7.36 with a 

of 40 mm. Ilg and 92 per cent oxygen saturation. Vital capacity was SI per cent and 
maximum breathing capacity 69 per cent of normal. On April 30, 1957, he underwent a 

te pper and middle lobectomy and made a satisfactory recovery that afternoon. The next 
g his blood pressure was found to be 7S/52 and he appeared dyspneic and cyanotic, 
fte the administration of oxygen by nasal catheter. The arterial pCO : was 67 mm. Hg 
the pH 7.28. The hemoglobin was 79 per cent saturated. Blood lactate had risen to 
rig. per cent. Calcium and potassium levels were normal. Bronchoscopy was performed 
to relieve a left lower lobe atelectasis. The blood pressure rose to 120/6S mm. ng with a 
decrease of pulse rate from 130 to 11G. A blood sample the next day gave a pH of 7.38 and 
blood gas values within normal limits. The lactate had fallen to IS mg. per cent, 

A. L. (U-G347S), a 42-ycar-old white woman, was admitted 13 months preoperatively 
for pulmonary tuberculosis. Preoperative pulmonary function studies disclosed that the 
vital capacity was 57 per cent and the maximum breathing capacity was 64 per cent of 
normal. The left lung was performing 2S per cent of the ventilation and 21 per cent .of the 
oxygen uptake. Blood gas and electrolyte values were normal. On Jan. 9, 1957, she under¬ 
went a left pneumonectomy with essentially an uneventful convalescence until the fifth day 
when it was discovered that she had developed pneumonia in the right lung. On the sixth 
day. despite efforts at coughing and aspiration, many ronehi were heard. The blood pressure 
gradually fell from 110/72 to 92/64 mm. Hg with fluctuations up and down. A blood sample 
disclosed the arterial pH to bo 7.30 whereas the pCO. was 67 mm. Hg. The blood was 
82 per cent oxygen saturated. A tracheostomy was performed for suction and assisted 
respiration. IVitliin 6 hours, the blood pressure had risen to 135/S5. 1 lie next day the 

arterial pH was 7.37 and the pCO, 44 mm. Hg. Oxygen saturation had risen to 89 per cent. 
The electrolytes were all normal except for the sodium which was 129 mEq./L. She subse¬ 
quently made an uneventful recovery. 
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Two case summants ot patients who died postoperatnely aie piesented 
lieie as tipical examples ot the tape of lospnnton pioblcms winch wete fol 
low cd b) death 

C V (U 33193), a 57 vcirold rain, who onttrul for Ins fourth admission because of 
‘untro dyspnea of 6 months’ durition lie hid airested tuberculosis and luul dc\doped 
emphysematous c\sts of both bases, most mirked m the right lower lobe This seriously 
compressed the rem uning lung tissue The irtcri il blood luid i pi I of 7 41 with a pC0 2 of 
2 mm Hg The hemoglobin was 78 per tent situratcd with owgcn Blood prtssuie was 
10/08 ram ITg Despite a xital cnpauti of 40 per cent and miwrnum breithing capiciti 
t 35 per cent, a right lower lobectomy ind trichcostomy were performed on Feb 12, 1958, 
u an attempt to improic the rcspirnton cipacit\ Postopcrutncly, he de\olope<l parahtic 
us and required gastric suction Tlio arterial oxygen saturation did not change, but the 
J CO rose to 79 mm Ilg with an accompinying depression of pH to 7 20 on the iftcrnoon 
f the operation Pulso was near 110 and blood pressure 100/7G The next da\, oxygen 
saturation was G9 per cent but pCO a had fallen to 52 mm Hg, with i pH of 7 37 On the 
third day, he appeared to bo lethargic although the nail beds were pink Bronchial breathing 
was present in the right upper chest, and \ raj studies suggested bronchopneumonia despite 
actne aspiration of the trachea At that time, the nrtirml pll was 7 32 and urine output 
had decreased to 22 c c per hour The plasma sodium lmd fallen to 129 from 14S mEq /L 
The potassium had risen to 5 9 mEq/L T1 o blood pressure lancd between 120/90 and 
90/50 mm Hg Temperature was 40° C per rectum On the morning of the fourth da>, the 
situation was essentially unchanged, despite the use of os^ted respiration through the 
tracheostomy with the Bennett ial\e At this time, the pH of the arterial blood was 7 22 
and the pCO 73 mm Hg Tho oxygen saturation was 6S per cent His blood pressure 
remained near 90/G8 mm Hg, with a pulse rate of 120 Shortli thereafter he lomited 
became cyanotic, and suddenh died 

T M (TJ 64099) (see Tig 5), a 54 year old Isegro min, was admitted because of a 
cough of 1 month’s duration X rays showed atelectasis of the left upper lobe The \ital 
capacity was 92 per cent and maximum breathing capacitv 84 pci cent of normal Prcopcra 
tivo blood studies, including pH, pCO, oxygen saturation potassium, and sodium, were 
normal A diagnosis of pulmonary carcinom i w is made, and a pneumonectoim \ as per 
formed on Aug G, 1958 His postoperative course is lllustiatcd in Fig 5 Except for con 
tinucd intrapleural bleeding postoperatnely, requiring four additional blood tiansfusions, 
the course was uncomplicated until the seventh postoperative day when respijutron became 
difficult due to secretions Auricular fibrillation occurred and the rate was controlled with 
digitalis A tracheostomy was performed with sonu implement Ilowcier, his downward 
course continued He died on the tenth day with a sudden fall of blood pressure At autop«w 
a cerebellopontine metastasis was found 


DISCUSSION 

The lesponse of the cneulation to tlioiacic suigical operations as obsci+cd 
in 14 surviving patients is show n m Pig 1 The numbei of obsei vations is too 
small to peiimt companson in the vanons tjpes of opeiations Yet, tlie circnla 
tory alteiations fell into the same geneial pattern The anesthetic and opeia 
tne procednie piodnced a depiession of caidnc output (-35 ±52 pei cent) 
with mcieased total penplieial lcsistance (+45 ±13 5 pci cent) Postopeia 
tnely this vas followed bj an immediate use of output, acutely stimulated at 
tlie time of extubation This was accompanied bj a deciease of resistance 
(-26 + 78 pei cent) Thiougliout tlie lemaindei of tlie lecoaeij period, tlie. 
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ltnation was unchanged. On the average, the cardiac output was at its greatest 
+31 + 13.9 per cent) on the second postoperative day. At that time, the 
teripheral resistance was -25 ± 3 per cent of the preoperative level. Toward 
he end ol the week, both tended to approach normal values. 

The observed decrease in cardiac output and the rise of central venous 
u-essurc during anesthesia arc well known and have been shown to be inde¬ 
pendent of either acidosis or hypoxia. 14 ' 35 Depression of the myocardium by 
.lie anesthetic agent or an increase in pulmonary vascular resistance has been 
uggested as a cause. 2 -' The further depression of cardiac output during the 
ppcration to values as low as 51 per cent of the resting output may well have 
been the result of blood loss, yet it is probable that this also was related to a 
change in cardiac function. Calculation of stroke volume shows that following 
the induction of anesthesia it fell from an average preoperative level of 59 ± 8 
c.c. to 52 ± 4 c.e. Later in the operation, the average stroke volume was 34 ± 4 
c.c. which was a significant change. Possibly this is related to the fall of pH 
which has been so commonly found during such procedures. 2 Jerusalem and 
Starling 24 observed that the cardiac dilation caused by carbon dioxide retention 
"affected the systolic more than the diastolic volume, so that the ventricular 
output is diminished.” 

It is likely that the marked rise in cardiac output, observed following 
anesthesia as the patients were extubated, was the result of a stimulus resulting 
in a release of epinephrine. This is suggested by the marked rise of pulse rate. 
Possibly it is also provoked by increased circulatory demands during coughing 
and struggling. 

During the days succeeding the opei’ation, the increase in circulation was 
met by a rise of pulse rate which averaged 117 ± 5 in these patients rather than 
an increase of stroke volume. The latter (65 ± 7 c.c.) remained near the pre¬ 
operative value of 59 ± 8 c.c. This observation of augmented output in the 
recovery period differs from that of Snyder 10 who found a fall of 41 per cent in 
8 patients following abdominal operations. In his experience, 5 days were re¬ 
quired for return to normal. It may be argued that the greater output at this 
time was the result of mild hypoxia which is a well-established cause for 
epinephrine release. 5 Gellhorn's 17 observations on man subjected to mild hy¬ 
poxia suggested a rise of cardiac output. In this connection it is of interest 
that the least tachycardia was observed in the patients who had had pneumo¬ 
nectomies. They also showed the least hemoglobin oxygen desaturation. Further¬ 
more, Stead 41 observed an increase of the metabolic rate 1 day following lobec¬ 
tomy and thoracoplasty amounting to 128 per cent of the preoperative value. 
This might well be expected to result in elevation of the circulatory flow. 


Both hi art in and Stead 24 and Hood and Beall 23 found that a large propor¬ 
tion of patients wore underventilating within the first hour after the completion 
of thoracic operations, with a tendency toward a fall in arterial pH. At the 
lime when measurements were made on this series of patients (3 to 5 hours after 
vmwv) the tidal volumes were only slightly depressed and the pll values 
were within the normal range in almost all of the patients. The exceptions to 
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tins weie iiraong those who hail hail lobectomies mid who showed a significant 
depicssion of tidal \olumc with a niaiKed incicasc in lcsjmation Howoeei, hv 
employing Fow lei's factor foi noinial anatomic dead space, 15 it appears that 
aheolai eentilation was only sbglith depicsscd m the gieat piopoition of 
patients, the aeeinge being -1G ± 12 pei cent below the pieopeiatuc lestmg 
lei cl among the sin \ i\ ors 

On the following day, the data in Table II indicate that tidal columes weie 
not significantly below noimal and the lcspnatoiy latcs weie moderately ele 
ented Although subicct to some enoi, In the moans used to calculate them, 
the neeiago of aheolai eentilation was onlv slighth dopiessed (-10 ± 12 pel 
cent), not significantly so This is m contiast to Stead’s observation which 
showed a depicssion of 33 pot cent 41 Iloweeci, Ins patients had been suhiected 
to a combined pulinonaiy lcscetion and thoiacoplaste, making lespnation moie 
difficult Fig 2 shows how these neatly noimal tidal colonies weie maintained 
despite a maikecl leduction in the cital capacitc and lespnatoiy teserce 

It is impiessice how exactly the pll and pCCh of the blood cceie maintained 
witlun the nauow niaigms eonsideied to be noimal ftom the first postopeiatice 
day ouwatd m tlie suicicmg 40 patients The onlc exceptions weie the 3 pa 
tients whose histones me picscntcd and who dcceloped piohlems of centilation 
and inability to keep the attaint pCO ; below 4S mm llg foi lelaticoly slioit 
penods of time 

Although pCO s was maintained noimally, thoie was a modetate owgen 
dosatutation m the aitonal blood of almost all the patients The data in 
Table III suggest that this was significantly gieatei among those cvho under 
went lobectomj and may bo lelatcd to edema enused by tianma to the lung 
left in situ This phenomenon was also noted to a lesser extent in those 
patients who underwent operations upon otliei stnictuies within the chest 
Otdmaiily, this was most pionounccd on the second day when a hazy giound- 
glass appealance of the lung on the side ot operation was seen by May 
Usually resolution took place within 4 days and was accompanied by a return 
tocvaid noimal of the hemoglobin oxygen saturation Maioi" 1 noted this and 
suggested that blood stasis tit the lung might be a iactoi m pioducmg post- 
operatic e pulmonary complications 

The blood electrolyte changes m the patients echo lecoecied aic those 
usually obseieed following suigieal trauma of this magnitude elsewlieie m the 
body 30 The depicssion of the sodium, gicatcst during the fiist 2 dacs aftei the 
operation, is a dilutional phenomenon caused by the letention of evatei and the 
lysis of cells and fat It has been suggested also that sodium maj entei the 
cells as a result of such tissue acidosis as mav exist 31 The use of potassium is 
lelated to cellulai damage and hypoxia 34 Seale and associates 31 and otlieis 1 
liaee demonstiated a transient use of potassium when hypcicapnia is ieduced 
Piobable this played a part m the moderate livpcikalemia seen in 16 of the 
patients slioitly aftei the operation In none of them was found a leeol ovei 
5 9 mEq/L , which is not sufficientlc high to senously T affect the lieait 
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The depicssion of lonircd calcium in tlic Wood has been ippoitcd befoic 0 
and is piobablj the icsult of ictcntion of moigamc phosphate and the lcnal 
loss of calcium following citiate infusions 45 In no instance was a lcicl below 
0 75 mM/L seen This also is alienc the lc\el known to icsult m caidioxascular 
failuic 

Metabolic acidosis, 01 bettei “livpoxic acidosis,” took place to some extent 
m all of the patients dining the opeiation, piobabh duo to inadequate pci fusion 
of pait. of the yascul.il bed while caidiac output was dccicascd This leqmred 
2 to 3 dajs to letuui to noim.il ley els Ilowcyci, the lactate was seldom moic 
than modeiatelv eloiatcd on the morning aftei opeiation This suggests that 
at this time the lnaionti ot the tissues wcic being maintained with adequate 
pci fusion and icasonabh noiinal owgen tensions 

Tliieo patients who ultimatch sunned and 5 otlieis who died postopeia 
tneh manifested senous eaidioiasculai depicssion 01 failuic examination of 
the ease histones and the data in Table V discloses that this emulator! difficult! 
was pieccded In seme lespnaton abnoimalities This has been noted bcfoic 
and \aiious explanations oftued Piom the obsenations hoio lepoited, it ap 
peal's that tlic common faetois icsulting fiom the lespnaton inadequacy weie 
a piolonged ponod of piogicssneh meieasmg aeido is and a modciatc to 
seieio lnpoxia 

Stead 41 suggests that exhaustion might be lcsponsible foi the failuic to 
maintain the blood gasses at noiinal Ieiels R}oik 3 states that a deciease of 
mitilated aheoli decicasos diffusion suifacc necessitating gicatci xcntilation 
and pioduces unfax 01 able mechanical factoi-s with dccicascd lung compliance 
It is tine that the patients in this senes weie bicatlung at lexcls ncai then 
lespnaton lesene, but 3 of the 4 who died did so aftei assisted lespnation 
had been staited Since all showed hemoglobin oxygen satmation ranges fiom 
68 to 82 pel cent while bicatlung oxygen, it appeals that a deciciso of the 
yentilation peifusion latio 10 had taken pi ice This pioduced a state of hypoxia 
and metabolic acidosis foi which the lemannng lung xxas unable to compensate 
br the elimination of CO, The aitonal caibon dioxide tension yvas oyer 65 
mm Hg and the pH below 7 30 in all 7 patients Those who died had been 
modelatelv acidotie foi at least 2 days bcfoic death An examination of the 
blood eleetiolxde leyels duimg the lixpotcnsne penod failed to disclose anj 
abnonnalities sufficient to account foi the cnculatoij failuie 

Intact animals made to bieathc high concentrations of CO, show senous 
hypotension only at onset and tennination of the liypeieapma 7 3 That this is 
true m man is suggested bv the obsenations lieic cited on the patient yyhose 
aitenal pCO, yyas 145 mm Ilg foi at least 90 minutes dunng his opeiation As 
was pointed out, a numbei of patients yyeie quite acidotie immediately following 
the opeiation yyithout senous sequelae, if the pH was noim-il on the folloyvmg 
morning Thus, it appeals that slioit penods of intense lespuatorj acidosis 
ai e not lethal 

Nalias and Caxeit 3 " liayc pointed out tint f nluie is lapidh induced m the 
isolated heart by acidosis if cuculating cpinephnne is not piesent It might be 
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,necl that certain of these patients lacked normal adrenal function. In none 
the 3 upon whom autopsies were performed was adrenal disease found. Fur- 
win ore, all of the patients showed a normal tachycardia postoperative!}" and 
on exhibited fast pulses until just prior to circulatory failure and death, 
trge swings of pulse and blood pressure were exhibited on the day before death 
3 of the patients. This is similar to the pattern in anoxic dogs observed by 
lOwes, Hopkins, and Simeone 7 prior to cardiac arrest. These findings all sug- 
j st that the sympathetic and adrenal systems were functioning in these people. 

The fact that the acidosis was prolonged and accompanied by various 
agrees of hypoxia may be the important matter. Hypoxia of this degree is 
ompat.iblc with life. Gremels and Starling 50 noted little change in the heart’s 
apability of performing work until oxygen saturation fell to 75 per cent, and 
ailurc did not occur until a critical level of 25 per cent oxygen saturation of 
he blood was reached. 

This situation differs from that encountered in emphysematous patients 
who arc gradually adapted to a combination of hypercapnia and often quite 
severe hypoxia. Thus, it appears that the presence of acidosis may limit the 
ability to compensate for even moderate degrees of hypoxia in the relatively 
acute state. 

From a therapeutic standpoint, active measures to prevent or correct pro¬ 
longed acidosis should be undertaken when possible. The maintenance of normal 
oxygen tensions may be important in avoiding the serious circulatory conse¬ 
quences of acidosis. Therefore, the administration of oxygen is indicated when¬ 
ever acidosis is suspected postopcrativelv except for special circumstances as 
in patients with emphysema. 38 Finally, arterial punctures and the determina¬ 
tion of the pH at times may be of great assistance in the dix’ection of the post¬ 
operative care of patients who have undergone thoracic operations. 

SUMMARY 

1. The cardiovascular response to the trauma of thoracic surgery and to the 
shifts of blood gas and electrolyte values occasioned by alterations of the respira¬ 
tory function was studied in 45 patients. The operative procedures included 
pulmonary resections and others, but none upon the heart. Observations were 
made before, during, and for a week after the thoracotomy. 

2. In general, blood pressure was maintained near normal with only transi¬ 
ent depression in the immediate postoperative period. However, during the 
operation, cardiac output fell 33 per cent on the average, with a decrease of 
stroke volume. This was accompanied by a rise of total peripheral resistance. 
Postopcrativelv this situation was promptly reversed, when the cardiac output 
rose with a return of normal stroke volume. 

3. Although vital capacity and respiratory reserve were depressed to less 
than one half of those found preopcrative.lv, tidal volume and alveolar ventila¬ 
tion remained near normal except for a few hours after the operation. 

4 All of the patients showed moderate postoperative oxygen desaturation 
of the arterial blood, the least being among those who had been subjected to 
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pneumonectomy IIo\NC\er, the pH nncl pCO : weie maintained within the 
nanow limits eonsideied noimal except foi the opeiative penod and foi a short 
time theieaftei 

5 The blood sodium fell on the aveiagc to 130 mliq/L on the afternoon 
of the opciati on letmnwg to noim.il by the thud 01 Tomth day The potas 
sium lose slightly -while the ionized calcium level fell 21 pei cent to the lowest 
point scveiul horns postopciativ elv Concuiicntly both blood lactate and in 
01 game phosphate weie increased 

0 That man can withstand up to 2 boms of seieie lespuatoiy acidosis 
(aiteiial pCO-, 145 mm Ifg, and pH 0 9) is lllustiated bv 1 patient who made 
an uneventful lecoveij aftei lestoiation of noimal acid base balance 

7 Tlieie weie 5 patients who died and 3 who weie tiansientlj livpotensive 
but ultimately lecovered The eouisc of this gioup, when compaied to those 
who made uncomplicated lccovenes, suggests that m each instance lespnatoij 
inadequacy due to atelectasis oi pneumonia took place If the resulting In pei 
capnea (pCO- ovei 65 mm Ilg) and acidosis (pH below 7 25) and the modeiate 
accompanvmg hjpoxia weie piolonged beyond a few hours, hypotension oc 
cuned Cneulatoij failuic and sudden death followed when this situation 
persisted foi 24 horns ot moie 
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Discussion 

DR. HERBERT C. MAIER, New York, N. Y.—Dr. Clones and lus associates have indi 
cated the importance of studies winch correlate the oxy gen, carbon dioxide, and electroly to altera 
tions with the respiratory and cardiocirculatory changes m tlio individual patient. By such 
a means, a better understanding of the early ctiologic factors in postoperative complications 
may be reached. 

Too often undue attention is gneu to one facet without integrating the various chemical 
alterations that arc present, together with the clinical features of that particular patient I 
think for this reason that Dr. Clowes’ studies me of particular value because, as you can see, 
he has tried to correlate them with the clinical side of the same patient 

lie referred to the finding that decrease in the arterial oxvgcn saturation is more likely 
to occur with a lobectomy than a pneumoncctom) This seems to be duo to the fact that blood 
continues to circulate through the remaining lobe on the side where a lobectomy has been 
performed, in spite of the fact that such a lobe ventilates poorly in the early postoperative 
period In other words, you have a discrepancy between the circulation and the ventilation 
leading to moderate degrees of hypoxia. That situation docs not exist in case of a 
pneumonectomy. 

I should like to emphasize the finding that hypertension during operation was not a 
frequent finding, in spite of the presence of severe degrees of hypercapnia in some patients 
As you know, m pist years, anesthetists ha\o often considered the development of elevated 
blood pressure as a sign of carbon dioxide retention. As is so well known now, there are 
no reliable clinical signs of carbon dioxide retention during operation However, in the 
postoperative period, as has also been shown, hypotension is a common occurrence 

Finally, the case that he illustrated, with sudden death occurring on the tenth day', 
again emphasizes the fact that patients with prolonged moderate hypoxia and carbon dioxide 
retention may eventually' have sudden death occur, so sudden that one thinks of pulmonary 
embolism and coronary' thrombosis, when actually it is yust the end result of prolonged 
chemical disturbance 

DR GEORGE W. WRIGHT, Cleveland, Ohio —The papers by Dr Spencer this morning 
and the one just delivered contain many things that arc of intci est to the physiologically 
minded person I hope the authors will forgive mo if I do not discuss the particular points 
raised m their papers, but ratliei comment on what I think arc some very timely implications 
of these two papers for those of us dealing with thoracic surgery'. 

The maintenance of body pH within a very narrow range is perhaps the most important 
requirement for the continuation of life You need not bo reminded, I am sure, of the 
tremendous importance of the rcspiratoiy apparatus m providing this constant pH concen 
tration under the daily stresses of life To be suro, the blood has sonic buffering power and the 
kidneys over a long period of time arc very important for the regulation of pH, but for the 
hour to hour maintenance of this very essential requirement, the lungs aic preeminent 

A patient who comes to us to be treated is commonly impaired in the respiratory 
apparatus, and then by our very attempts to help him wc further impair the respiratory 
apparatus. In addition, and this is bicoming more apparent as we deal with the severely crip 
pled cardiac patient, the proper metabolism in muscle is not going on m individuals who have 
inadequate blood circulation, and as a icsult, the stresses m the direction of a metabolic acidosis 
arc commonly* greatly enhanced in some of the patients that we deal with We are therefore 
m the very sticky situation of an apparatus that will not produce the required alveolar hyper 
ventilation to take care of the increased stress in the direction of metabolic acidosis 

I think tins has been very nicely demonstrated in both Dr. Clowes’ and Dr. Spencer’s 
papers Dr. Spencer’s paper points out the thing that I think is most important If wo 
wait until there are clinical evidences of this breakdown, we have waited much too long. 
What vve would all like to know is the earliest evidence that the body is getting behind m its 
ability to compensate and maintain a normal pH Ihe key to the situation is obviously the 
carbon dioxide tension of the blood. 
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In so far as I know, thcie is no clinical sign that will let us know when carbon dioxide 
sion is beginning to become altered. If we had such a sign, I think that I would not be 
e making this comment at the moment, because you would then all be aware in plenty of 
ie to try to do something about your patient and wouldn’t be waiting until the end of the 
)blem. 

1 think it behooves us, therefore, to introduce into our routine care of patients something 
tt will give us the evidence that carbon dioxide excretion is not keeping pace with its 
eduction or with the production of other acid metabolites. There are methods available, 
dian't take the time to go into that. It is true that they are somewhat time consuming and 
juirc some personnel. I would suggest, however, that we introduce into our routine post- 
erative care, and 1 say “routine” because few of us will do it on any other basis, some 
jasurc of the CO : tension, in the blood in order that we can give these people respiratory 
sistancc long before they are so exhausted as to require some kind of an external pump. 

DIt. JOHN II. GIBBON, JR., Philadelphia, Pa.—1 wish not only to congratulate 
Jorge Clowes on a very nice physiologic study but to ask him whether in -any of these 
mical cases there had been instances in which hypoxia and hypercapnia had not coincided, 

. they did in the patient that died on the tenth day. 

About 2 years ago, in The Journal of Clinical Investigation, Holaday concluded from 
udies of patients with mild hypercapnia that respiratory acidosis produced metabolic acidosis, 
his had not been in accord with all our observations. Last December, we reported before 
ie Southern Surgical Association experimental studies in which we produced pure hypercapnia 
ithout hypoxia and pure hypoxia without hypercapnia. We found no evidence that metabolic 
cidosis, as evidenced by a decline in buffer base and an increase in lactic acid, occurred with 
ypercapnin, but these changes invariably occurred with hypoxia. 

I well realize that metabolic and respiratory acidosis are both present in most patients 
ostoperatively, as in the case Dr. Clowes presented. However, one condition does not produce 
ho other experimentally. In fact, hypoventilation produces a fall in the blood lactic acid 
athcr than a rise. 

DR. CLOWES (Closing).—I think Dr. Maier's and Dr. Wright’s points about the 
iced for knowledge of the presence of hypercapnia and an understanding of the mechanisms 
vhieh produce it are very pertinent. By way of therapeutic implications, it would appear, and 
. am afraid I didn’t have time to go into this, that one should administer oxygen in 
questions of doubt to convert the patient of a mixed situation, if possible, into the purely 
acidotiu one until something can be done about it. It appears that one can stand hypercapnia 
better in the presence of arterially saturated blood than otherwise. 

I feel that there are two methods available to every surgeon who has access to any 
kind of laboratory. One is to stick needles into the arteries and simply measure the pH 
and then find out what the CO ; combining power is and make an educated guess. If he can 
arrange to use the bubble technique of Reilly to measure the pCO : and oxygen tension, he is in 
good shape. 

]>r. Wright drew to my attention, as wo came out here the other day, that rebreath- 
ing—not exchanging but rebreathing—into an infrared analyzer will give a pretty good 
idea of what the CO. level in the arterial blood is. The lack of clinical signs of hyper¬ 
capnia makes it very e.-sentinl to know about this sort of thing. 

Dr. Gibbon. I would agree with you completely on the matter of the difference in lactic 
acid production in the presence of hypercapnia. About IPoo, I think, we presented a paper, 
also on dogs, distinguishing between hypoxia and hypercapnia, at the American Surgical 
Association, and our experience in that circumstance was exactly the same as yours. However, 
in the absence of livpoxia. lactic acid does rise considerably during operations, as many people 
have pointed out. This, in all probability, is more related to the depression of cardiac output 
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and to tlic inadequate perfusion gnen xarious \ascular hods On the other hand, I think 
that some emphasis should be ntadc of the role of the h\cr in relation to lactic acid. A poor 
Incr or a depressed one cannot deal with lactic acid ns fast as the normal liter, therefore 
perhaps the anesthetic, hypercapnia or hypoxia, has something to do with this situation 
1 x\ould say that xve ha\e not seen m tho postoperatix e situation a clinical case that 
\xas purely' hypercapnic. Tho nxerage patient is "lightly' hypoxic, but bis pCO. is perfectly 
normal. 



^ERICARDIECTOMY FOR RELAPSING PERICARDITIS AND 
CHRONIC CONSTRICTIVE PERICARDITIS 

IK. S. Blakemore, M.D., II. F. Zinsser, M.D. (by invitation), 

C. K. Kirby, M.D., IK. B. IK bitaker, M.D. (by invitation), 
and /. Johnson, M.D., Philadelphia, Pa. 


D ecortication' of the heart is widely accepted as the surgical treatment of 
chronic constrictive pericarditis. There remains some difference of 
opinion as to the surgical approach and the extent to which the pericardium 
must be removed. 1 Early reports of Delorme, 2 who described the pericar- 
dicetomy, and the more recent reports of Mannix and Dennis, 3 and Shumacker 
and Harris,- 1 who advocate pericardectomy in patients with chronic effusion and 
cardiac tamponade, indicate the increasing acceptance of earlier operation. We 
-esent for consideration a proposal to remove the diseased pericardium before 
scar contracts to the extent of reducing the efficiency of the cardiac mecha- 
->m. This is not proposed as a treatment for patients with acute pericarditis, 
but rather for those in whom the relapsing character of the disease has been 
established even in the absence of cardiac constriction or tamponade. Holman 
and Willett 0 recommended early surgery in patients with proved tuberculous 
pericarditis. The 4 patients which they reported had developed severe cardiac 
impairment prior to surgery, but they clearly recognized the desirability of early 
surgery and pointed out the ease of dissection when the effusion was present, in 
contrast to the difficulties encountered when the operation was delayed until the 
pericardium and myocardium were intimately fused. Antimicrobial therapy 
now provides considerable protection against dissemination of the disease follow¬ 
ing operations performed while the tuberculous process is still acute, and the 
fear of dissemination should no longer unduly delay operation in these patients. 

For a number of years, we have pcrfoi’mcd perieardiectomy and decortica¬ 
tion of the heart in patients with pericardial effusion in the absence of proved 
tuberculosis and prior to the time when they have classical findings of myocardial 
constriction. Among the many patients who have acute pericarditis, a few have 
the clinical findings which we believe can be recognized by rather typical 
symptoms in which the relapsing character of the disease is a prominent feature. 


p mm the Harrison Department of Surgical Research, The Edward B. .Robinette Founda- 
i rom im. , , T,„ M)atvh( TJie H os ,,it a i and School of Medicine of the University of 

.Pa. 

' rmnd at tiic Thirty-ninth Annual Meeting of The American Association for Thoracic Sur¬ 
gery at Los Angeles, Calif., April -"1-23, 1950. 
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All of these patients ha\e had an acute illness, usually easily diagnosed as pen 
caiditis and associated with pleuntis and sliglit pleiual effusion Following 
symptomatic nonspecific ticatmcnt, tlie patients appealed to make a good it 
co\cij when the pioccss was lekindlcd bj physical excition which was often mild 
Chest pain, malaise, fc\ei, pcncaidial fnction mb, changes m eleetiocaidiogram 
leukocjtosis, anemia, mciease in the sedimentation late, and ictersal of the seium 
albumin to globulin latio wcic common]} found Piogiessrre changes m the 
caidiac silhouette weie noted bj loentgcnogiaphic examinations (Table I) He 
peated hospitalizations weie lequncd (Table II) and the patient appioached 

Table I Clinical Findings 

Fever Electrocardiogram changes 

Fain Leuhocj tosis 

Malaise Anemia 

Weight loss Ineiea^cd ‘sedimentation rate 

Pericardial rub Change in cardiac size by \ raj 

Pleuntis or pneumonitis 

The patients with relapsing pericarditis had an initial acute episode easily- diagnosed as 
pericarditis These s> mptoms and laboratory findings were commonly foun i The changes 
in the cardiac silhouette wore not found In 1 patient and evidence of mild constriction was 
found in only 2 patients In both of these patients operate e treatment had been recommended 
prior to the evidence of constriction 

caidiac invalidism accompanied by miseiv and despan' 8 The pioeess was 
quenched by bed rest and medical tlienpv and, pnoi to recognizing the typical 
couise of the disease, theie vvas lelueiance lo lecommend suigciv ior these pa 
tients When they letuined to then noimal activity, the disease Mas reactivated 
and the process was lepeated with gieatei mcversiblc damage The loss of vvoik 


Table II Prroru’VTnr nisrorv (8 Pvtiests) 



i 

ufi \rr | 

TOT \T 

Duration of symptoms 

1 25 11 5 mo 

5 mo 

40 xno 

Hospital admissions 

1 4 

3 

23 

Per cent of time in hospital 

20 100 

o 0 

(20 nio ) 

Per cent of time at work 

0 40 

20 

(S mo ) 


A prominent feature in the evolution of our recommendation of surgerj for relapsing 
pericarditis was the prolonged in\alidism with frequent hospitalisation and inability to continue 
gainful employment fiom the time of the initial sj mptoms 


and livelihood was impiessive, and only 20 per cent of the time fiom the onset of 
symptoms to the time of opeiation was utilized m gainful employment by these 
patients (Table II) Actually', only 2 patients weie able to noils duung any 
pait of the time following the onset of then sv mptoms and 1 of these continued 
as a salesman only by his extiaoidinary peisistonce, despite his constitutional 
symptoms 

Constnetion oi tamponade in a mild foim was noted in only 1 of these 8 
patients duung a late phase and pnoi to the time vve ueie lccommuiding uuh 
suigical lcmoval of the pcucaidnim winch was not oveitly mtciiciing with the 
eaidiae function In the eailiest peuod, the opeiation ins infrequently sug 
gestod and the suggestion pooily' leeeivcd by physicians Most patients weie 
known to lecov ei fiom the acute episode of puicaiditis legaidless of the etiology 
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Only in the nnsual instance when the process of healing contracted the peri¬ 
cardium sufficiently to constrict the heart was surgical treatment accepted prior 
to the time when the relapsing character of pericarditis was recognized. 

In another group of patients, the disease was insidious and the first attack 
of pericarditis was actually so benign that when constriction had developed, the 
diagnosis could not he made with certainty. 0 When calcification is present in 
the pei’ieardium, the diagnosis of constrictive pericarditis is usually considered, 
but, when calcification is not present and the classical findings of constrictive 
pericarditis are not found, there is often a reasonable doubt of its presence in 
a patient with severe myocardial insufficiency. In a number of patients it has 
been necessary to do an exploratory thoracotomy through a left anterior inter¬ 
costal incision to determine the presence or absence of pericardial disease. 11 
Fortunately, in those patients on whom this procedure has been done, no deaths 
have occurred except in 1 of our first patients more than 10 years ago. In this 
patient, the incision was too small and the constrictive pericarditis which he 
had was unrecognized at the time of operation. 

Among those patients in whom the diagnosis of chronic constrictive peri¬ 
carditis is established, a prominent feature is often ascites. They frequently 
give a history that for many months or years their treatment has been directed 
with the diagnosis of ascites or cirrhosis of the liver while they continued as 
semi-invalids under the care of their internists. In patients with a moderately 
enlarged heart without pericardial calcification, it may be extremely difficult 
for the best cardiologists to be certain as to whether or not constrictive peri- 
jbarditis contributes to the clinical findings. When the patient reaches the 
surgeon, the healing process has usually advanced and the pericardium is 
tightly attached to the myocardium. The surgical removal of the pericardium 
from the myocardium may be tedious and difficult. The patient is often in 
chronic cardiac failure, may have long-standing liver damage and ascites, and 
may be a poor surgical risk. Such a patient requires intensive preoperative 
treatment, a skilled and experienced anesthetist, and meticulous care to assist 
him through the period of surgical care. Among the 28 patients with chronic 
constrictive pericarditis whom we have treated, there have been 3 operative 
deaths. All of these deaths occurred in patients with long-standing heart 
failure. It would appear better to remove the diseased pericardium early in 
the course of the disease before the process is advanced, at a time when the 
patient’s heart is not constricted and the patient is a better operative risk. At 
this time the removal of the pericardium, as well as the complete surgical care, 
is easier (Table III). 


Table III. Pericarditis—Operative Mortality 


PATIENTS 


DEATHS 


Pericarditis, chronic constrictive 

Pericarditis, recurrent nonconstri ctive ___ 

tap patients with cardiac decortication for chronic constrictive pericarditis, 

tu c “ * . . i_xi____3 4- Jnnthc frtrfrt«’inr» onoi'fitinn rm* 


28 

S 


Among the - £ tivc deaths compared with no operative deaths following operation for 
there ycreunei-yi' Jn the latter patients the operation is easier and morbidity is apprecl- 
relapsmg pe WfJnneration is not recommended for acute pericarditis but it is 
ably iess. fhjs w d ; sabi i ity incurred with the relapsing- form of the diser 
* 6 ophidactic 11 ^ preventing the development of chronic constrictive pericarditis. 


indicated for 
disease as well as 
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In the pieopeiativc pieparation of these patients, diuietics, digitalis, anti 
tiibeiculous theiapy, and bed rest are utilized Although the diagnosis of active 
tubeiculosis is not pioved, these patients aie given antitubeiculosis therapy 
dunng the pieopeiative and postoperative pcnods until lepoits fiom pathologic 
and baetenologic examinations aie axailable to exclude the diagnosis ot tubeicu 
lous pericarditis Steroid theiapy is ptobably not helpful 

The choice of approach m these patients has been individualized and, while 
vide exposure is desuable, the condition of the patient often does not permit the 
extension of the proeedme that is neeessaiy to obtain such exposuie In patients 
uitil constiictive disease, a tiansstemal incision is used 10 11 Ill xeiy pool risk 
patients 01 when the diagnosis is unceitain, the incision is staited as a left 
antcnoi thoiaeotomy incision and, if indicated, is extended acioss the sternum 
into the right antenoi thoiax In the patients with lelapsmg penearditis, the 
midline stomal splitting uicixion pioi ides adequate exposuie 11 The peucaidium 
is lesected widely and, whcnevei it is necessary, the epicnidml layei is lemoved 
fiom the xentneles, although it is usually insignificant in extent The operative 
aiea is chained via the pleural space The peucaidium has not been tightly 
fused with the mjocaidmm and the operative piocedme has pioied to be easy 
In the chionie cases of eonstnetixe pencaiditis m which the peneaidnim is 
moie tightly ndheient no use the transveisc incision with wide exposuie to both 
pletual cavities in the event that the eauhac cavity might he cnteied dunng the 
dissection Ruptuie into the ventricle vvas the cause of death of I of oui 
eaily patients m whom the exposuie was inadequate to peinnt iecovei.\ fiom this 
catastiophe Tho dissection should not be extended beyond the aiea wheie tlie 
exposuie peumts iccoverv The thin walled atna aie especially vmlneiable The 
peucaidium should be lemoved fiom plnenic none to phrenic nene, the dia- 
plnagmatic stnfaco, and, in most instances, it can also ho lcsccted on the left side 
postenoi to the plnenic lieive AYc have usually ficcd tlie pulmonaiy veins and 
venae cav.io where they entei the peucaidium but in no instance has sufficient 
constnction been found to he certain that obstinotion at this point was a majot 
factoi in the disease The lemoval of tho eonstiicting tissue ovei the ventricles 
appears to he the factoi of gi eatest importance 


Tabte IV Postoperative III.story (S Paiiims) 



! 

AAFPACF j 

TOTAL 

Deaths 

Nono 



Hospitalisation 

12 24 da a s 

1G 1 da\ s 

131 daAS 

Returned to noth. 

2 2 5 mo 

21 

17 mo 

Per coat aa orbing 

100 

J00 

100 


Among - these patients uho had pericardectomy and cardiac decortication for relapsing 
pericarditis there ha\e been no deaths hospitalization after operation has been short all the 
patients ha\c returned to their previous v\ork before 2>/ months and none has had a recur 
rcnce of his symptoms 

Except in those patients with evidence of constuctivc disease, we have 
iQ commcnded the opeiation only to those patients with lepented acute episodes 
oi the disease oi to those who have reached tlie smoldeiing phase dcseiibed 
omliei 1 In no instance to date have any of the p itionts had lccuiietice of then 
pencaiditis and, in each, the iccoveiy has been rapid and apparently complete 
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(Table IV). The presence of pericardial fluid may also be an indication for 
early operation. We have recently had the opportunity to observe 2 additional 
patients. Each developed an acute febrile illness with massive pericardial 
effusion. In each, the large cardiac silhouette rapidly decreased in size and, in 
a period of 3 and 4 weeks, respectively, frank constrictive pericarditis was 
present. Although the operative procedure was not technically difficult in either 
patient the removal of the pericardium may have been easier if the procedure 
had been carried out earlier. 

No specific etiology of the pericarditis has been found in any of the 8 
patients with relapsing disease, and in only 4 of the 28 patients with chronic 
constrictive disease was it proved to be due to tuberculosis. The exact mecha¬ 
nism by which the operation terminates the febrile relapsing illness is not clear. 
The extensive removal of diseased tissue may eradicate the focus of infection, 
but this explanation is not entirely satisfactory because of the associated pleuritis 
and mediastinitis and since the posterior portion of the pericardium is not ex¬ 
cised. The removal of diseased tissue accompanied by adequate drainage of 
the pericardium are undoubtedly additional factors. Button biopsies and 
windows in the pericardium 12 are less apt to provide adequate drainage and 
may seal over to give a recrudesccnse of the disease 51 and we do not consider 
these procedures adequate. We have not removed large portions of diseased 
pleura when it is found in patients. 

In the postoperative period, overhydration is avoided and the patients are 
ambulated slowly. With the relief of their symptoms they may feel sufficiently 
improved to exercise without appropriate regal’d for the fact that the myo¬ 
cardium is usually involved in the disease process. For this reason they have 
been given a schedule of limited activity for the first month. 

The results after pericardectomy hi patients who have had relapsing non- 
constrictive disease have been gratifying. All of the patients have returned to 
their original employment within 2 1 / 4 months after operation (Table IV). 

SUMMARY 

1. Patients with constrictive pericarditis have often been permitted to 
remain in cardiac failure until secondary liver damage and ascites far longer 
than seems reasonable. 

2. Decortication of the heart in the presence of chronic constrictive peri¬ 
carditis may be difficult because of the technical problems imposed by fusion of 
the periardium and epicardium and because of the associated dysfunction which 
accompanies chronic cardiac failure. 

3. Pericardectomy and decortication of the heart should be carried out be¬ 
fore the patient becomes a poor surgical risk due to the deterioration associated 
with cardiac constriction and during the time when surgical removal of the 
pericardium is an easier procedure. 

4 The pericardium in patients with tuberculous or idiopathic pericarditis 
and pericardial effusion should be removed without waiting for the develop¬ 
ment of constrictive pericarditis. 
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5. There is a group of patients who have recurrent bouts of nonspecific 
acute pericai ditis r\ho may suffer considerable long-term disability as a result 
of their disease These patients should have a pericardectomy and cardiac do 
coitication. In 8 patients with relapsing disease of this type, all hare had 
excellent clinical lesults following operation. 
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Discussion 

DR JOHN F. IIIGGINSON, Santa Barbara, Calif—The notion of trying to prevent 
the rather hoirendous end result which we all have seen in advanced, chrome, longstanding 
constrictive pericarditis is commendable and this should bo done, certainly, if wo can possibly 
do it. 

However, I was also attracted by what was m the abstract of the tssavists* paper 
regarding difficulties m the diagnosis of some ot these cases, despite intensive mvcstigu 
tion preoperatively. In ordci to show one of the suiprises that may be encountered at the 
time of exploration of a patient in whom suggestive findings are present, ami who is not 
left unexplored for many years, I would like to show one slide and describe a pntiuit who 
had all of the typical findings of congestive failure with all of the angiocardiographic and 
catheterization studies typical of eonstnctivc pericarditis 

This 48 year old woman had had 1 year of dvspuea on exertion with some ankle 
edema. Theso symptoms increased and progressed, and she finally developed aim>ar<a with 
distended neck veins but with a quiet heirt which was moderate^ enlarged and with an un 
remarkable electrocardiogram except for incomplete right bundle branch block and 
low voltage. The diagnosis was made clinicailv ot unexplained myocarditis with myo 
cardiofibrosis. She continued to develop more and more edema ami then developed unites 
When she was first seen by Dr Leonard Rose, of Portland, Oregon, he performed right heart 
catheterization On Nov. 14, 1937, and obtained the findings of narrow pulse pressure, very 
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liigli diastolic pressure in the right ventricle but with normal s 3 ’stolic pressure in the right 
ventricle and pulmonary artery. A marked characteristic dip and plateau were present, 
and fluoroscopy showed diminished cardiac pulsations. 

I explored this patient on Dec. 3, 1957, and here [slide] you can see the enlarged heart 
that was encountered. The pericardium was perfectly normal. However, a very remarkable 
finding could be easily noted as one watched the heart. The ventricles came to a sudden, 
sharp, slapping termination of diastolic tilling about halfway of what one would expect, 
quite obviously suggesting stiffening of the myocardium. A biopsy of the right ventricular 
myocardium was done with a Silverman needle, and a biopsy of the right auricular 
appendage was taken in the usual manner. The appendage and the right atrium were 
greatly dilated and enlarged. 

Pathologic examination established a diagnosis of primary amyloidosis. Cardiac mural 
disease, therefore, is another explanation that must be taken into consideration whenever 
the clinical picture suggestive of constrictive pericarditis is present, despite highly suggestive 
findings by angiography and catheterization studies. 

DR. SAFUII ATTAR, Baltimore, Md.—I would like to ask Dr. Blakemore three ques¬ 
tions. 

The first one is, what is the earliest time interval elapsing between the onset of the 
disease and the perieardiectomj' among the 8 patients operated upon? 

Second, will you operate on a patient with a clinical picture of pericarditis with a 
venous pressure of 300 which, on medical treatment, came down to normal, but clinically the 
patient persisted in having evidence of recurrent acute pericarditis, as done in your cases? 

The third question is, in case the patient definitely has recurrent acute pericarditis, 
as shown in your cases, and does suffer of myocarditis, would you interfere early or would 
you wait until it goes to the chronic stage and then interfere? 

DR. J. GORDON SCANNELL, Boston, Mass.—I should like to say how much I have 
enjoyed this presentation and to emphasize a point which was mentioned; namely, the 
importance of doing a liberal decortication of the ventricle at the time of the initial pro¬ 
cedure. 

We have had the opportunity to see a few late recurrences among the very early cases 
of Dr. Churchill, and also recurrences in 1 or 2 patients operated upon during a relatively 
acute phase and a radical decortication not done. In these recurrent cases, the source 
of the difficulty has invariably been on the posterior aspect of the left ventricle, in the 
region of the junction between the left atrium, the left pulmonary veins and the atrio¬ 
ventricular groove. Had we always been insistent on getting away back to this point at the 
original operation, when it is relatively easy to do through a left anterolateral approach, 
especially in a subacute phase of the disease, I am quite certain that this recurrence could 
have been avoided. 

Constrictive pericarditis, as you know, seems to be a disease primarily of the peri¬ 
cardium itself, not the pericardial cavity, and it is important to resect the pericardial sac, 
not merely just free up the heart. 

DR. EDGAR P. MANNXX, Manhasset, Long Island, N. Y.—I think Dr. Blakemore 
is to be congratulated for his excellent presentation in drawing our attention to not only 
the very important clinical entity of chronic constrictive pericarditis, but also, what is 
more important, I believe (because it is less well understood), the place for the surgical 
treatment of chronic pericarditis during the stage of effusion. 

Patients with the latter type of problem are most difficult to acquire. In my ex¬ 
perience, internists are reluctant to advocate surgical treatment for patients suffering 
with chronic pericarditis with effusion, yet, I am sure, as Dr. Blakemore will agree, that 
the operation is much easier to do during the stage of effusion and the deleterious effects 
of chronic constriction can be avoided. 
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This point, of course, lias been made main time's in the past. Dr Entile Holman 
more than 5 }cars ago, as a matter of fact, advocated pencatdiectomv dining the acult 
phase of tubeiculous pericarditis. Dr. Barker, among other*, from the Umvcrsitv nt 
Michigan, 1ms reported a case of chronic pencaulitis with effusion which ladled for i 
long as C j ears and then went on to constriction 

I would like to close ro> comments In Minjdv pointing out that m keoping with 
Dt Higgmson’s comments, the diagnosis is verv important We believe it is important 
to exclude pericarditis with effusion when it is on a rheumatic basis, because this almost 
aluajs means active rheumatic carditis In our opinion these people should not be operated 
upon at that time 

There is another entity that occurs in small children and infants which is von difficult 
to diagnose, sometimes accompanied by pericardial effusion, namcl}, the idiopathic dironn 
mjocarditis. There are other medical entities, m 3 vedenm with pertcardial effusion foi 
example, is one which can confuse the diagnostic picture and which can bo treated medicnlh 
b 3 tigroid medication 

DR EMILE HOLMAN, San Francisco, Calif—Tins presentation has pleased me 
very much ns it recognizes the need of a radical pericardectomy when operating for con 
stnctiv 0 lesions. 

I would like to place on record a patient who had been operated upon three tunes 
for constrictive pericarditis, and who still had Ins nseitcs He lcmaincd in a Mai me ho* 
pital for over a 3 car, having his abdomen tapped peiiodicallv foi recurring ascites 

We operated upon him again with great reluctance, and m the course of the operation 
vie accidental!} entered the right ventnclc, and had considerable difficult 3 extriciting our 
selves from that situation Because of the patient’s pool condition, I was unable to lemove 
nn 3 pericardium I did, however, incise the pericardium direeth over the inferior vena 
cava, spreading the edges of the thickened pencaidium for about 2 cm, vnd did the same 
ov cr the superior v cua cav a 

Tins patient has not required tapping since that operation, lmliciling the great ini 
portance of liberating all critical areas, 111 this ease the inferior and superior venae tivae 
winch had escaped adequate liberation at the three previous operations 

DR BLAKEMORE (Closing)—I believe the questions can be divided into two gioups 
COi responding to the scpaiation we have made in the presentation Tins mav avoid con 
fusion, since we have discussed a form of pericarditis which we hare called 1 elapsing peri 
carditis and also discussed man} ot the difficulties which have occurred in the diagnosis 
and treatment of chronic constrictive pericarditis 

Dr. Higgiuson's comments again emphasize the difficulties of establishing the diag 
nosis in patients with chronic constrictive pericmditis Me have found that excellent 
cardiologists with the benefit of modem diagnostic techniques have been unable to 
eliminate the diagnosis of constrictive pericarditis in patients who are sevcrelv ill and 
have congestive heart failure of unknown etiology. In these instances, an cxploratorv * 
operation is often neces sarv diagnostic procedure The earliest tune that we have been 
able to defimtel} recognize the signs and svinptoms of relapsing pericarditis has been fi 
weeks, and wo were able to do this onl 3 in 1 of the 1 itest patients whom we have seen 
The principal point in making the diagnosis of relapsing pern, trditis i« to r<cogm/e the 
smouldering phase in a patient in whom the disease can be rekindled bv plivsiea! nrtivitv, 
can be quenched by bed rest and medical tlierapv, and reactivated as phvsicil nctnit} is 
again increase d Dr. Harr} Zinsser, a medical cardiologist in our group, has been speaking 
to groups of internists, and as this tv pc of disease is better recognized the surgeons wilt 
seo many of these patients earlier m the course of disease 

Dr. Attar asked a question about a specific patient who had increased venous pres* 
sure and recurrent episodes of pericarditis I believe this is n patient in whom we would 
recommend removal of the pericardium If we could recognize the relapsing form of the 
disease earl}* in its course, we would recommend an early operative procedure However, 
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the operation is not to be recommended for every patient with acute pericarditis. Chronic 
constrictive pericarditis may in contrast follow an unrecognized episode of acute pericarditis, 
and an earlier operation would be desirable for these patients prior to the onset of the 
severe myocardial changes which accompany long-standing constriction. 

We are honored to have Dr. Holman discuss this paper since his earlier publications 
have strengthened our position in advocating early operative procedures for our patients. 
With regard to the patients which Dr. Holman mentioned, we are in agreement that no 
operative procedures are indicated for the treatment of pericarditis of rheumatic 
origin, but pericardieetomy is indicated for the patients with idiopathic relapsing or tubercu¬ 
lous pericarditis. In these patients, early operation is desirable before extensive myo¬ 
cardial damage occurs which significantly increases the operative risk. Dr. Holman and Dr. 
Scannell advocate extensive resection of the pericardium, and we are again in agreement. We 
make some reservation and present that, in certain patients who are severely ill and in whom 
tho operation of this magnitude increases the operative risk, the procedure can be shortened. 
The diseased pericardium about the atria and veins is left, but the pericardial and epicardial 
layers are removed from the ventricles. 

Delorme, who utilized the cardiolysis procedure and described the principles of the 
pericardieetomy operation, was critical because the operation did not remove the epicardial 
layer. Many patients require the removal of this layer as well as the pericardium, but 
the epicardial layer has not been of significant thickness in some patients whom we have 
treated with relapsing pericarditis to warrant removal. 


THE RESULTS OF SURGICAL CORRECTION OF 
ATRIAL SEPTAL DEFECT COMPLICATED 
BY PULMONARY HYPERTENSION 

Hut old V Liddle,MD (by invitation), B W Meyet, AID, and 
John C Jones, M D , Los Angeles, Calif 

A trial septal defect of the secundum type is the most successfully managed 
intiacaidiac defect to which surgical attention has been turned In the 
last 10 yeais, a yaricty of suigical techniques has been doused foi its closiue 
In 1948, Murray 1 dcscnbed obliteiation of the defect yvith fascia lata stups 
Latei, Gross, 2 Bailey, 3 and Sondotgaaid* descnbcd blind opeiatiyo pioceduies 
yyhieli liaye been yen successfully applied 

Piesentlv, open bent methods make possible direct nccuiate sutuie of 
the anomaly with loyv mortality The majontj of patients yuth secundum atnal 
septal defects have noimal or minimally ele\ated light ycntiiculnr and pulmo 
nary arteiy piessuies This defect, unlike yentnculai septal defect, is almost 
neyei complicated by pulmonan liypoitension in clnldien AppioMmately 
15 per cent of these patients in adolescence and adulthood do liaye pulmonary 
yasculai obstruction Rcpan of the defect in the pies ence of seieie pulmo 
naij yasculai obstruction meieases the moilndity and moitality tenfold 

PHYSIOLOGY or ATRIAL SEPT1L DEFECT 

The physiologic chaiactenstics of secundum atnal septal defects aio 
unique At birth tlieie is little floyy acioss the atnal defect, but as systemic 
lesistance meieases a left to light shunt deyelops The rolunie of this shunt 
giadually becomes laigei and icsults in pulmonaiy floyv yyhieli may be tno 
to thiee times systemic flon To accommodate this yolumo of blood, the pulmo 
naiy yessols dilate and then lesistance falls The light yentncle becomes oyei 
loaded by this nicicising buiden, paitiuilaih duiing the diastolic phase It 
dilates in lesponse to the demand, and the elcctiocaidiogiam leflccts this dihta 
tion as delayed conduction Piolonged exposme to c\ccssiye flon is occasionally 
associated ivith liioiphologie changes m the pulmonary yessols resulting in 
pulmonaiy by peitension In the picsence ot seieie pulmonaiy yasculai obstmc 
tion, the yolume of shunt is ledueed but lcmams picdommantly left to right 3 r 

From the Department of Surgerj Umvcrsit) of Southern California Me Ileal School Lo« 
Angeles Calif 

Rear! at the Thirt> ninth \nnual Meeting of The \merlcm tssocfatlon for Thoracic Sur 
gerj at Dos Angeles Calif April 21-23 1959 
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1 Blectrocaiiliogram in atiial septal defect, with and without pulmonary lijpertension. 
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weie seen occasional^ to follow aheolai septa, but moie often to diam dneeth 
into nans There is divided opinion m the liteiatuie 1013 about tlie function ot 
these structures We are inclined to feel that tliej may be anterior enous shunts 
because thej tteie seen in a patient ttho ttas pioied at autopsj to hare a healed 
septum, 3 et lie had been deepl} et anotic foi 3 yeais aftei smger 3 

Bight patients compnse the second group These individuals toleiatul 
closuie of then defects satisfactonlr One died 8 liouis postopeiatirelr oi 
hemoiihage fiom an uniccognized bleeding internal inammait aiteiv A sn 
ond patient ttho sunned, has had a le opening of the atrial septal defect and 
pulmonai 3 Inpeitension has progiessed This defect had been closed In tli 
Sondeigaaid method The 6 lemainmg patients hare piogicssed reir mil 
ruth minimal oi no limitation of then nctiutr Five Imre been follorred close]r 
at oui institution, and m each theic has been deciease of caidiac size, of Inhr 
slmdorrs, and of the second pulmoiiai 3 heait sound The sixth patient is u 
poited b 3 her fannl}' plirsieian to hare compaiable impioremeiit 

Four of these patients hare been lec-itheteii/ed from 1 to 3 reals post 
opeiatirel 3 (Table II) Each has had significant decicise in pulmonair aiteir 
piessuie Ill 1 of these, the light rcntiiculai and pulmonair aiteiv piessiues 
fell from 100 to 50 mm Hg (Table III), and the electrocudmginm shorted 
induction of light tentiiculai h}pcitroph> (Tig 4) The pulmonair arteir 
piessure m a second patient fell fiom 57/21 to 18/4, and the electioeaidiogiam 
shorted onl} minimal eridcnee of light rcntiiculai hvpeitioph) This patient 
still has lespnatoir limitation due to let phoscoliosis 


Table II Postoperative CvriicTLPizmov P\Tt* 


rvriEVT 

|age^ 

j SE\ 

SUl 

v c 

P A 

■ ' 

1 A 

B V 

MOW 

1FSbll 

D M 

31 

M 

70 

15/9 , 
64 

81/9 

63 

mm 

mm 



Dead 5 )r PO in heart 
failure 

P L 

41 

M 

GO 

5/ 1. 
70 

73/0 

73/27 

72 

1 ’S/67 
<99 


bood—4 \ i PO 

D B 

33 

M 

0/7 

77 

0/7 

\7 r > 

! 93/S 
75 

9 5/88 
75 

110/70 

75 


Progressive deterior ition 
—3 \r PO 

B B 

37 

F 

10/a 

76 

W/> 

55/10 

55/30 

77 

13S/80 

95 


Ixccllent—2 jr PO 

M L 

39 

F 

66 

O/O 

69 

45/0 

67 

44/18 

66 

128/60 

90 

S7 PA 

S 4 *\ ‘ttemic 

Fair—2 jr PO 

T C 

16 

F 

65 

2/ 2 
68 

1S/0 

6~ 

1S/4 

68 

1os/oo 

9 4 


hxeeilent—1 vr PO 
hvho tohOHs 'set or 

J B 

23 

F 

9/3 
i 64 

9/4 
69 83 

70/7 

73 85 

75/25 

75 

103/07 

88 


1 tcurrenee of defect 


•Pressures anil o\>son saturation (tlie latter in italics) 


In anothei patient, pulmonair arteir piessuie, 16 months .iftci operation 
had onlr fallen iioni 100 to 70 mm Ilg Non, 41/T tears aftei opuation, pill 
monait arteir piessuie lemains high Tlieie is no cudence that tlie defect 
has le opened, but the patient icnnms cranotic ruth exeieisc possibh due to 
intrapiilmonarj shunting Subjectir elj, he lemains troll aftei lctuin to noi- 
inal activity. 
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Table III. Catheterization Data (R. B., 37, E)* 
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100/0 

74 
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76 
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55/30 

77 

138/SO 
; as 


WEDGE PLOW 

10/3 P.A. 2 x systemic 
by RISA 



’Pressures and oxygen saturation (the latter in italics). 


The electrocardiogram in a fifth patient, who would not he reeatheterized, 
shows disappearance altogether of evidence of right ventricular hypertrophy, 
and symptomatically she is completely normal. 

In summary, of the 15 patients with severe pulmonary hypertension who 
underwent closure of the defect, 5 died at operation. Two patients were un¬ 
improved, and 1 died of an operative complication. Six patients have had 
long-term survival and show regression of pulmonary vascular resistance. 
There has been recurrence of the defect in 1 patient. 


DISCUSSION 

Atrial septal defects are uncommonly complicated by advanced changes 
in the lesser circulation. Even among adults, pulmonary vascular obstruction 
is only occasionally present. This indicates that flow alone is not responsible 
for its appearance. 

The size of the defect does appear to be related to the appearance of 
pulmonary hypertension. In this series, the defects varied in size from 3 to 
7 cm., the average being 5 cm. We have had no patients with small defects 
who have had pulmonary hypertension. 

The extreme increase in mortality associated with pulmonary vascular 
obstruction makes selection of patients for surgery with this complication 
critical. In this series, mortality was increased from zero in uncomplicated 
cases to nearly 50 per cent in those with severe pulmonary vascular obstruc¬ 
tion. However, the fact that some of these poor risk patients can be per¬ 
manently rehabilitated compels us to find some means of selection. Cyanosis 
is an indication of excessive right atrial pressure, and suggests irreversible 
pulmonary changes. Three of the 4 cyanotic patients in this series cither 
died or were not improved by surgical intervention. A history of congestive 
heart failure predicted an unfavorable outcome. The degree of pulmonary 
hypertension in this study was, however, unrelated to the surgical result. Two 
of 5 patients who died at operation had pulmonary artery pressures below 
65 mm. Ilg, yet 3 patients who have done well had pressures between 93 and 
105 nun. Ilg. Neither the duration of symptoms nor cardiac size were related 
to survival. 

Although no single or combination of data are incontrovertible evidence 
for selection of probable survivors, review of this series does suggest four factors 
which may be helpful guides. The first two, as mentioned above, are cyanosis 
and a history of cardiac failure. Patients with this combination will probably 
not survive operation. 
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An additional factoi is a jnaiked diseiepancj between the cahbei of lnlai 
and penpheial \essels m x i.iv studies In this senes the combination ot 
huge lnlai vessels and penpheial stalling was nsnallv associated with meieisi 
bio iasculai elniige Although the penpheial lasculai shadows weie decieased 
in all these patients, tlieie was not an unusual disci epanev in -vessel size among 
the individuals with good results 

The electiocardiogiinns of 13 of these 15 patients showed light ventiicnlni 
hvpcitiophv Si\ of the 7 patients with nieieisible pulmonaiv vasculai 
change had seveie light xentucular hjpertiophy In each, case, the secondaiv 
R wave m V 3 R and V„ and the S wave in V G weie stnkmgly mcieased With 
the exception ot the 1 patient who had advanced Kyphoscoliosis, this magnitude 
of electiocaidiograplnc change was not seen in the smvivois 

SUJIMARl 

Simple atnal septal defects of the secundum tjpe have been suigie lllv 
tieated m moie than 180 patients in oui unit Of this numbei, tlieie aie 13 
patients, all adult, whose defects weie complicated In pulmonaiv aiteiv pies 
sines m excess of 50 mm Hg Five of these patients succumbed at opeiation 
and 2 weie not benefited by closure of the defect A levievv of the charts of 
these 15 patients suggests foul clinical and laboiatorv observations which aie 
related to the suigical fniluic m 7 patients They aie the piesence of ejanosis, 
the lustoiy of congestive lieait failuie, seveie light vcntuculai liypeitiopliy, 
and a maiKed disciepancv in vessel size in chest x-ray studies When two oi 
mote of these obseivations aie made m a patient, tlieie piobablj exist me 
veisible pulmoinrj vasculai changes 

Tlieie is evidence that acettIcholine injected m the pulmonaiv aiten 
mav delineate its capacity foi dilation Theoieticallj, acetj Icholine and erne 
angiogiaphj in combination maj vastly unpiove oiu evaluation ot the pulmo 
naiv v asculai bed 

The veil scuous usk and lelativelv poor icsulKs of suigerj in this gioup 
of patients, compared to the uncomplicated atnal defect, are uigent evidence 
that these defects should be closed when thev aie lccognued Tlieie is noth 
mg to be gained bj piociastinatmg and none of these people will impiove 
with time 

We wish to express our appreciation to Donald C F^ler, MD, Assistant Professor of 
Pediatrics, University of Southern California Medical School ind Director of Cardiology 
Diagnostic Laboratory of the Childrens Hospital Society of Los Angela and to II <* 
Peterson, MD, Assistant Clinical Professor of Radiology, Umrersit> of Southern California 
Medical School and Chief Radiologist of the Childrens Hospital Socie^ of I os Angilev for 
their help in assimilation of the data presented 
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Discussion 

DR. ALFRED GOLDMAN, Beverly Hills, Calif.—The authors should be congratulated 
on this paper. I am wondering whether or not in the treatment of pulmonary hyper¬ 
tension with atrial septal defect they have considered or would care to discuss the 
problem of using a patch with perforations in it, and whether or not they would feel that this 
might obviate the sudden strain on the right ventricle. 

DR. MEYER (Closing).—We have not used a perforated patch to reduce the size of 
the defect for we have felt that partial closure does not reduce pulmonary hypertension. 
This belief is based on catheterization data following partial closure of high pressure 
ductus and interatrial defects with very high pressures. We believe that if there is any 
release or reversibility of the pulmonary vascular obstruction, it can be determined at the 
operating table by the way the right heart reacts after defect closure. Invariably, with a 
fixed resistance in the lungs, the right heart will dilate and fibrillate after the defect is 
closed. In these patients, the defect had to be re-opened before normal cardiac function 
could be restored. 


COARCTATION OF THE AORTA IN INFANTS 
A Clinical and Experimental Study 

Thomas H But fold, Al D , Thomas B Feiguson, A1D, Dai id 
Goldung, AI D (b} invitation), and M Remseu Behiei, 

/II D (b) mi station), St Lotus, Aio 

T he cumulative expenenee m the suigieal management of coaictation of the 
aorta non spans a period of 15 veais It is veil established that suigieal 
lemoial of the constriction with restoiation of coiitinuiti is the treatment of 
choice In oldei clnldien and joimg adults, opeiation can be done at ion low 
risk, ruth eiery assurance of euic Coarctation m mfancj, on the other hand 
is a less well undeistood entity and a liuiubci of foimidablc pioblcms and 
confusing issues still exist With the dei elopment of the flush technique foi 
simple and accurate deteimination of blood pressnie in newborn infants, it 
has become apparent that the lesion is bj no means as laie ns once thought, 
and, indeed, when found in combination with patenej of the ductus nitciiosus, 
is one of the leading causes of caidiac failme in eailv mfancj 1 As moie 
eases aie documented, it has been icalizcd that anatomic classifications of 
coarctation 11111011 stress infantile icisus adult foims aic no longer tenable, 
foi the adult foim can cause tioublc at 2 weeks of age and the infantile fonn 
conieisely can go undiagnosed until adulthood A dmsion on the basis of 
segment length into long and shoit segment tjpes is also not too helpful, for 
one typo meiges impel ceptibly into the otlici A 11101 c useful classification 
simply states the lelationsliip of the coaictation to the ductus (pieduetal, 
juxtaductal, 01 postduetal) and ulictliei the ductus is open 01 closed" '1 he 
association of coaictation in mfancj with otlici caulioiasculoi malf 01 motions, 
paiticulailj patent ductus aitenosus and ventricular septal defects is veil 
known, but the impoitance of patent ductus as a eiuse of difficult} has not 
been sufficientlj sticssed Theie aic diftcicnecs of opinion among pcdiatnc 
cardiologists as to the best method of management of these cases Nadas 3 
feels that a nunibci can be In ought out of caidiac failme and carried along 
until they aie scicial jeais of age Calodnci and Caison,' 1 and Goldring and 
his associates 5 have sticssed the umfoimlj pool icsults they have had 111 th 
medical management, and this led them to uige call} suigieal mtenention 
In spite of the pieialcncc of this lesion 111 the infant age lange, theie aie 
lelitnely few lepoits ot successful suigieal tieatnient Isolated eases haic 
appeared 3 7 and the papeis of Mustaid 6 and .Sinelolf 9 and then colleagues 
lmie included a small gioup of opciatcd cases A gieitei deglee of smeess 

Read it the Thlrtj ninth \nmial Meeting of The American \ssoelation for Thoracic 
Surgrerj at Los Angeles Calif April -1 23 19^9 
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should be possible as more information is gathered concerning the basic as well 
as the clinical aspects of the disease. This report is an analysis of the total 
surgical experience at the St. Louis Children’s Hospital with coarctation in 
infants (24 months of age and younger), together with experimental investi¬ 
gations concerning the physiologic derangements associated with coarctation 
and patent ductus arteriosus. 


CLINICAL MATERIAL 

Clinical experience with these seriously ill infants since 1940 now totals 
about 60 proved cases, and only 2 patients have survived beyond infancy 
on medical therapy alone. This prompted the policy of advocating early 
surgical intervention. The first operative repair was undertaken in March, 
1949 (T. II. B.). Since that time, 16 infants under the age of 24 months have 


COARCTATION IN INFANTS 
SYMPTOMS 



Fig. 1. 

Fig. 1.—Symptoms encountered in the 
Fig. 2.—Physical signs present in the 


COARCTATION IN INFANTS 
SIGNS 



0 2 4 6 8 10 12 14 16 

NUMBER OF PATIENTS 


Pig. 2. 

16 infants in this series. 

16 cases. 


been operated upon. (By comparison, during the same 10-year period, 72 
patients over the age of 2 years have been repaired.) There were 11 males and 
5 females. The ages on admittance ranged from 9 days to 24 months, but 
the majority of patients developed difficulty soon after birth. Thirteen of 
the 16 eases were under 4 months of age. The median age at the time of 
operation was 6 weeks. Symptoms and signs which brought the infant to 
the hospital were almost all related to cardiac failure, and as such were not 
helpful in making a specific diagnosis (Fig. 1). Most frequent were problems 
of feeding, dyspnea, and tachypnea. Physical examination revealed the 
signs of overt cardiac failure in all cases, with pulmonary congestion, hepato¬ 
megaly (1 to 5 fingerbreadths), and edema (Fig. 2). Five infants had cyanosis 
which cleared under treatment, and therefore was thought related to circu¬ 
latory failure. Differential “girdle’’ cyanosis, supposedly typical of this con¬ 
dition. was not seen. All of the babies had a systolic murmur, graded 4 plus 
in 4. barely audible in 4, with intermediate gradations in the remainder. None 
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had a continuous murmur. Roentgenographic examination of the chest 
uniformly showed the same picture—a markedly enlaiged heait nith pulmo 
nary vascular congestion and engorgement compatible with a left-to right 
shunt and congestive cardiac failure (Fig 3). The electiocardiogiams weie 
giossly abnormal. Right ventiieular enlargement was piesent in 9 eases, 
left ventricular enlargement in 7 eases. A mixed group of 9 children also 
had myocardial disease. None of the patients had cardiac cathetenzation, 
and in only 1 infant was an intiavenous angiogiam done This policy nas 
dictated by the critical state of these infants, since it was felt that they would 
not withstand anesthesia foi a diagnostic piocedure 



Fig- 3—Roentgenogram of an Infant ^\ith coarctation and patent ductus proved at 
autopsy There i\ere no other anomalies The enlargement and configuration are typical of 
all the cases in this series 

The single most impoitant examination nas the deteimination of the 
blood pressure. The flush technique, utilizing the principle of leactive 
hyperemia, was fust concehed and used in 1950, and the method standardized 
by .1952 10 (Fig. 4). Since that time it has become a loutme pa it of the workup, 
and seveial of the infants included here were quickly diagnosed, having been 
admitted as feeding piohlcms, etc. 'When the piissuics aic thought to ho 
abnormal, a number of determinations me made bi each of soieial obseiveis 
over seieial days, and the lcsults aveiaged To lie significant, the giadient 
must exceed 20 mm. Hg. In loccnt eases, flush pressmes lune been eonobo- 
rated by an electionie pulse recorder (Infiaton). In all the infants except 
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the first 2, the diagnosis was made by the flush technique. Fig. 5 shows the 
spread and the average values obtained. A mean gradient of 86 mm. Ilg is 
indicative of the severe degree of coarctation present in these infants. 

The average time lapse from admission to operation was 2% weeks. All 
the babies showed a temporary favorable response to digitalis. Prior ex¬ 
perience had taught that this improvement should not raise false hopes about 


I. Guff applied above 
irc-ist 



3. Cuff inflated above 
systolic pressure and 
rubber -wrapping then 
removed leaving blanch¬ 
ed extremity. 



2. Rubber sheeting or 
rubber glove -wrapped 
tightly around extrem¬ 
ity blanching it. 



li. Cuff slowly deflated 
(approx. 6-7 rnm/sec .;and 
pressure at which flush 
first appears is aoprox. 
systolic pressure. 



Fur. !.—Diagram of the flush technique for measuring- blood pressure in infants (Fiom 
Goldring and Wohltmann, 3 . Pediat. 40: 2§5, 1952 ) 


medical management, for too many infants will improve, then deteriorate 
rapidly and die. Recently it lias been the policy to operate as soon as it is 
established that serious cardiac failure exists on the basis of coarctation, and 
the child can be brought into optimum condition. 

Opcraih'c Findings and liesulis .—In all 16 infants the coarctation was 
complicated by patency of the ductus arteriosus. In 30. the narrow segment 
was located proximal to the ductus (preductal) and in 6 immediately adjacent 
to the ductus (juxtaduetal) (Table I). It was not possible to classify any 
case as definitely postduetal. There was considerable variation in the length 
of the narrowed segment, the extremes ranging from a short pinched con¬ 
striction (4 infants) to involvement of the entire transverse arch (2 infants). 
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Ill gcnei.d, the longci coaietations weie pieductal m position, the shortei 
segment a audios juxtaductal The diameter of the ductus was also quite 
tunable, and laige and small culibei communications weie found m both 
gioups Thiet infants m Gioup 1 had shunts equal in size to the aoita 


Table I Coarctation' is Infants — Opff\ti\e Findings 
riTEST DUCTUS AKTFriOSUS—10 CASES 



| rroui 

1 

! croup 

2 

Position 

Products! 

10 ca^es 

Tuvtaductal 

G cases 

Procedure 

I ml to cml 

4 

End to end 

6 


Ilomograft 

1 




Shunt 

1 




Nono 

4 



Sunnors 


3 


6 

Deaths 


7 


0 


COARCTATION IN INFANTS 
■flush" blood pressures 



ARMS LEGS 

Big 5 —Tin*! figure shows the blood pressures obtained b> the flush technique In 14 of the 
infants The gradient across the coarcted segment arerised 86 mm Hg 

Mobilization and end to end i econsti uction was possible in 4 cases m 
Gioup 1, and in all 6 cases in Gioup 2 The anastomoses were done with 
tunning fine silk sutmes, intciiupted at fiequcnt interials The fiist child 
in the senes had lUiohcmcnt of the tiansieise aich, and the defect was 
budged by a fiesh liomogiaft The fifth case also imolied the aich, and it 
was felt at the tunc that a giaft could not bo piopoily placed, so the pioximal 
ends of the dnidcd left caiotid and the left snliclaMan aitenes were anas 
tomosed Foui infants died dunng thoiacolonn befoie any defimtne pio 
eedme could be done 

Tlicie weie 9 snmtois and 7 opLiatne deaths, a moitalitj late of 44 
pei cent (By eompauson, tlicie weie 5 deaths m the 72 opeiatcd cases oiei 
2 jeais ol age, a moitalitj late of 7 pci cult, 2 of these weie liomogiaft 
failiues) All 7 deiths weie m Gioup 1 patients and oeeuiicd citliei befoie, 
dunng oi at the uul of opiiation Cause of death was caidine .most in 0 
untnculai fibiillation in 1 The moitalita late Ins declined as expeiience 
with these sick childien has meieased All 5 infants opoiated upon during 
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the. first 5 years died. During the last 5 years there have been 11 cases with 
only 2 deaths, a mortality rate o£ IS per cent for this abbreviated group. 
These fatalities were in 2 of 4 eases done with hypothermia. Body cooling 
has not been used since 1956, and there have been no spinal cord sequelae, in 
spite of rather extensive mobilization of the aorta in several instances. 

Follow-Up .—Of the 9 operative survivors, 8 arc living and clinically well. 
One infant, repaired at 3 weeks of age, did better for about 3 months, and 
then returned with recurrent failure, and signs indicating a severe intra¬ 
cardiac abnormality. It was hoped that he could be improved to the point 
where open lie art surgery would be feasible, but death occurred at 9 months 
of age. Autopsy revealed a large atrial septal defect of the ostium primum 
type, with gross deformity of both the mitral and tricuspid valves. The 
aortic repair was intact, and the diameter measured 12 mm. at the suture 
line, IT mm. above and below. 

The remaining 8 children have been followed from 9 months to 5 years 
since operation (average 2 years) (Table II). All are asymptomatic at the 
present time, although clinically 3 children definitely have an intraeardiac 
Ieft-to-right shunt, and 2 others are suspected of having a small shunt. The 
remaining 3 do not have additional lesions. Growth and development have 
^followed the normal pattern in all but 1, a child with probable ventricular 
septal defect, who is exhibiting growth failure. 

Tabu: II. Coakctatiox—Operative Survivors 

Follow-up—1’ years 
Symptoms—none 
Additional Left-to-Right Shunts 
None 3 

Suspected 2 

Definite 3 

Arerage Pressure Gradient 

Preoperative 5)0 mm. IIg 

Postoperative 13 nun. Ifg 

Preoperativcly the arm-leg pressure gradient for the survivor group 
averaged 90 mm. llg. This has been reduced by operation to 13 mm. Ilg, 
and in 3 the pressures arc equal. The highest individual residual gradient 
is 50 mm. Ilg. reduced from a preoperative value of 100 mm. llg. Technical 
repair in this case may not be satisfactory, although the child is now 2 years 
postoperative, and as yet is manifesting no brachial hypertension. 

The electrocardiogram pattern and the cardiac contour have reverted to 
normal in the 3 eases with no residual defects. In the 2 suspect cases, a 
suggestion of right ventricular enlargement remains by both electrocardio¬ 
gram and chest film, although there has been definite improvement over the 
preoperative state. In the 3 children with definite additional defects, there 
has been marked improvement in the clinical condition, but the electrocardio¬ 
grams are unchanged, and the cliest roentgenograms look very little different, 
except for a decrease in pulmonary vascular congestion. 
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AVo plan to follow the 5 children with possible additional defects closely foi 
the next few years, and perform diagnostic angiocardiography when indicated 
In all probability, at least 3 will require open heait repair. All 8 children 
will be followed through the growth years to obtain accurate information 
concerning the problem of relative stenosis at the &utiuc line. 



Patent ductus arteriosus Coarctation 



Postductal coarctation Preducta) coarctation and 

and Patent ductus arteriosus Patent ductus arteriosus 

Pig - 6—Shows the four tjpes of experimental preparations employed in the study of coarcta¬ 
tion and patent ductus 


EXPERIMENTAL STUDIES 

The hemodynamic alterations that occur with isolated aortic coarctation 
or patent ductus arteriosus have boon amply studied both clinically and 
experimentally, but investigation of the changes that occur with the two 
lesions in combination have not been reported. To answer some of the 
puzzling questions that have come up while caring for these infants, the 
following long-time experiments were done: appropriate base line data, in¬ 
cluding carotid and femoral arterial pressures, right heart catheterizations, 
chest roentgenograms, and electrocardiograms were obtained in a number of 
dogs, and then four categories of experimental animals were prepared. These 
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were: (1) patent ductus only—4 dogs, (2) coarctation only—4 dogs, (3) 
patent ductus and postductal coarctation—8 dogs, and (4) patent ductus and 
preductal coarctation—7 dogs (Pig. 6). The aorta-pulmonary artery shunts 
were all of the Potts type, constructed as near 5 mm. in length as possible. 
Gradually progressive coarctations were produced by the use of cylinders 
of Ameriod plastic encased in stainless steel jackets, a method described by 
Berman. 11 Total occlusion of the aorta occurs with this method in 2 or 3 
months. Dogs of uniform size and weight were used to facilitate comparison 
between groups. The animals in each group were then followed, and the 
base line studies repeated at intervals until death or sacrifice. Ninety-three 
complete sets of postoperative observations were done in the 23 dogs, an 
average of four observations per dog. Complete autopsy studies were done 
by a member of the Patholog 3 r Department. 

Results. —Group 1 (isolated patent ductus) and Group 2 (isolated coarcta¬ 
tion) were used as controls. Bach lesion was tolerated exceedingly well 
(Table 1IT), In Group 1, a loud continuous murmur was present in all 4 


Tabu: III. Fate of Expf.kimf,xtai. Aximat.s 


! 

UVEI) | 

IIIF.ll 

Patent Ductus 

4 

0 

Coarctation 

3 

1 

Postductal 

3 

0 

Preductal 

0 

7 


dogs, and they remained asymptomatic until sacrificed (average 7 months). 
The animals in Group 2 likewise remained vigorous and healthy. All de¬ 
veloped a pronounced collateral circulation. One dog died of a ruptured 
aorta at the site of the ring at 50 days, and the remaining 3 were sacrificed, 
2 at 5 months and 1 at 15 months. No dog in either group developed 
roentgenographic or electrocardiographic changes of significance. 

The clinical course of the animals in Groups 3 and 4 was quite different. 
In Group 3 (patent ductus with postductal coarctation) 4 of the 8 dogs de¬ 
veloped the signs and symptoms of cardiac failure, with dyspnea, tachycardia, 
pulmonary congestion, ascites, and edema. Cardiomegaly was present. There 
was no response to digitalis therapy, and they died 2, 4, 0. and 30 weeks 
after operation. A fifth animal died of aortic rupture. The other 3 dogs 
remained asymptomatic, in spite of a functioning ductus and an evident 
coarctation, until they were sacrificed 1 year post operatively. In Group 4 
(patent ductus and preductal coarctation) the combination of lesions was the 
least well tolerated. All 7 animals developed severe congestive failure. 
Survival time varied from 13 days to 56 days (average 39 days). Chest 
films showed a pronounced degree of cardiomegaly and vascular engorge¬ 
ment. A few animals in Groups 3 and 4 developed questionable right ven¬ 
tricular enlargement by electrocardiogram. 

Fig. 7 shows the blood pressure response to the various procedures. Two 
values are shown, the preoperative and the final observation before death 
or sacrifice. Although the spread of mean pressures was moderately large, 
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the ditectional tiends aic acuuate, foi no animal liad a pressuie lesponse 
opposite to that depicted foi his gionp With patent ductus, mean caiotid 
piessuie lias maintained while mean fcmoial piessiue fell In isolated coaicta 
tion, mean caiotid piessurc was eleiated while the femoial picssnre lemamed 



tig 7—Shows the systemic pressure response to the various operative piocedures (Descrlp 

tlon In text ) 



lut, b —Shows the pulmonarv arterj pressure response to the various operative procedures 
(Description in text ) 

the same In Gioups 3 and 4, m spite of a difteient spatial lelationslnp be 
tween coaictation and shunt, the o\ei all iosponse was the sime, a use m 
mean caiotid piessiue and a fall m mean femoral piessuie Fig S shows 
the pulmonary aiteij piessuie depicted m the same waj In Gioups 1, 2, and 
3 the opuatne pioceduie had no significant effect, while m Gioap 4 (prcductal 
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coarctation) mean pressure was elevated to 33 mm. Hg. Right ventricular 
diastolic pressures were never significantly above the zero level in any group. 

Autopsy examination of animals dying in failure revealed edema, pleural 
effusion, pulmonary and hepatic congestion. Collateral circulation was most 
pronounced in isolated coarctation, loss so with the combined lesions. Measure¬ 
ments of right and left ventricular wall thickness showed a pronounced degree 
of left-sided hypertrophy with isolated coarctation, less when a ductus was 
also present. Right ventricular thickness was essentially the same in all 
groups, but the dogs in Group 4 had right ventricular dilatation in addition. 
Study of the lungs revealed small vessel thrombi and intimal proliferative 
changes to a moderate degree in Groups 3 and 4, but these findings were 
not pronounced. 

DISCUSSION 

A significant clinical experience with aortic coarctation complicated by 
patent ductus arteriosus has convinced us that this combination is a most 
malignant one, and unless vigorous treatment is instituted almost from birth, 
the mortality will approach 100 per cent. We are also of the conviction, on 
the basis of our discouraging experiences with medical therapy alone, that 
early corrective surgery must be done, even in the face of congestive failure 
in n critically ill child, if any number are to be saved. Our surgical results 
will bear improving, 50 per cent survival in 16 eases, but an encouraging 
upward trend has been seen in the last 5 years, when there have been only 
2 deaths in 11 eases, a survival rate of 82 per cent. Early detection of cases 
and better anesthetic techniques have contributed greatly. For early diag¬ 
nosis the condition must be kept in mind, for the infants have a variety of 
nonspecific symptoms. The flush blood pressure technique has been of im¬ 
mense help. 

Attempts to separate these infants into various categories on the basis 
of clinical or laboratory findings had proved futile for us. Some clinicians 
rely heavily on the electrocardiogram, believing those children with left 
ventricular enlargement have less serious lesions and can be managed medi¬ 
cally. while those with a right-sided pattern have a graver prognosis, a greater 
probability of additional shunts, and will usually die unless helped surgi¬ 
cally/'' 0 In our experience, the electrocardiogram pattern has not been this 
reliable, 'fable IV shows the relationship between the electrocardiogram, 
ductus position, and associated defects in this series. Right- and left-sided 
patterns wore found with both anatomic variations of ductus position, and 
with and without additional lcft-to-riglit shunts. We believe that selection 
of cases for operation should be based on the diagnosis of significant coarcta¬ 
tion in any infant exhibiting cardiac failure and eardiomegaly, without re¬ 
gard for the electrocardiogram pattern. In virtually all such cases a patent 
ductus will he present with the coarctation. 

Two objections have been raised to the correction of coarctation in in¬ 
fancy. One is that the mortality will be prohibitively high should an intra¬ 
cardiac lesion also be present. Wc take the opposite view, and feel that the 
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only plausible method of management is the piompt collection of the coarcta 
tion and division of the ductus, making it possible to dofei lcpan of the 
mtiacaidiac component to a latei time As jet wc lime no clnldion enmed 
tlnough the second phase ot this plan, but tlieic aic d m the gionp that Mill 
almost sniely need ftutlici suigicnl attention The othci objection lelates 
to the development of a lclative coaietation at the line of anastomosis nith 
body giOMth No absolute data aic mailable as the follou up in the repoited 
cases is still too slioit Moss and lus eoMoikers 1 ' lime icemtly icpoited 
angiogiaplnc studies on 5 infants followed 2 to 4 ycais aftei repaii, and 
concluded that attei piopei eoiiectnc suigeiy the aoita should remain 
functionally patent legaldlcss of gtoutli In any event, it is evident that 
suigeiy m infancy is lifesaving, and even if le opeiation is necessaiy dining 
adolescence, this is still an equitable puce to pnj 


Table IV 7 Relationship op Ductus Position, ECG, and Associated Defects in 16 Cases 

OF COAPCTATION AND PATENT DUCTUS 


CASE 

NO 

DUCTUS 

POSITION 

ECO 

PATTFrN 

ASSOCIAT* I) 

DEIECTS 

01 EPATIVF 
OUTCOME 

1 

Preductal 

RVE 

None 

Died 

2 

Preductal 

RVE 

None 

Died 

3 

P re<l net'll 

LVE 

None 

Died 

4 

Preductal 

Rvr 

None 

Died 

5 

Preductal 

RVE 

VSD 

Died 

G 

Ju\ta ductal 

LVE 

None 

Survived 

7 

Preductal 

LA E 

Fibroelastosis 

Died 

8 

Preductal 

RVF 

Left to right shunt 

Sunned 

9 

Preductal 

RVE 

None 

Died 

10 

Juxtaductal 

LVE 

None 

Sunned 

11 

Preductal 

RVE 

?I eft to right shunt 

Sunned 

12 

Tu\taductal 

LVE 

?I eft to right shunt 

Survived 

13 

Juxtaductal 

LVF 

None 

Sunned 

34 

Tuxtaductnl 

LVE 

Left to light shunt 

Sun n cd 

15 

Product il 

RVE 

Ostium primum 

Survived* 

1G 

Juxtaductal 

RVE 

Left to rigl t si nut 

Sunned 


♦Died 9 months later 


Veiy little is known about the piecise liemodjnaniic alteiations which 
make coaietation and patent ductus such a seuous combination Gupta, 13 
in acute animal cxpci iments, demonstiated that tlic opening of a ductal shunt 
distal to a coaietation makes the constuction plijsiologicallj inoie seveie 
Thus, the femoial piessuies and pulse contoms with a G5 pci cent coaietation 
and open shunt lescmble those of an isolated coaietation of 75 poi cent This 
is an important concept if it applies to human cases It is difficult to believe 
that the alleged lack of development of collatcial channels in the pieductal 
gioup has much to do with the piognosis Such channels are actually demon 
stiable at autopsy m many cases 2 Clinically it is laic to find an infant with 
diffeieutial cyanosis of the lowei tiunk, indicating maintenance tlnough the 
ductus by a “systemic” right ventiielc None of oui patients had diffeiential 
cyanosis, and oxygen satuiations done in a liumbei showed no difTuunc 
above and below Edwaids 1-1 was the fiist to call attention to the vasculai 
obliteiative disease to be found m the lungs ot these infants, and otheis since 
have commented on the seveie pulmonary hypeitension that is piesent when 
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such measurements can be made. 0 ’ 12 Although the pathogenesis of the hyper¬ 
tension, and the exact relationship between it and the observed vascular 
changes are not yet worked out, it is most likely that the pulmonary vascular 
tree plays a major role in influencing the clinical picture of coarctation and 
patent ductus, just as it does in so many other congenital malformations 
(Fig. 9). 

Our animal observations are pertinent to these problems. Under ex¬ 
perimental conditions the combination of coarctation and patent ductus Avas 
also poorly tolerated, whereas the isolated lesion caused little or no difficulty. 
Cardiac decompensation occurred regardless of the relative position of the 
shunt to the constriction, although it appeared that the precluctal arrange¬ 
ment was the more serious one, and in this group pulmonary hypertension 



Fip. 9 —Smalt pulmonary arteriole from an infant with coarctation and patent ductus. 
The muscular layer Is greatly thickened. In comparable vessels from the lungs of normal 
Infants of this age the muscular layer Is virtually absent. 

was seen. A well-developed collateral circulation did not prevent heart 
failure. Like its clinical counterpart, the failure responded very poorly to 
digitalis therapy, and the animals died in spite of vigorous medical treatment. 
At autopsy, early obliterative changes were seen in the small pulmonary vessels, 
and, in the preductal group, dilatation of the right ventricle indicated that 
there was considerable strain on this chamber during life. 

SUMMARY 

1. Sixteen infants with coarctation of the aorta and patent ductus 
arteriosus treated by early surgical correction arc presented. Clinically all 
were in refractory cardiac failure, and had marked eardiomegaly. The elec¬ 
trocardiogram pattern was variable. Diagnosis was made by demonstrating 
a significant pressure gradient by the flush technique. 

2. Median age at the time of operation was 6 weeks. Wide anatomic 
variation in the relationship of the two lesions was encountered. Operative 
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mentality was 44 pci cult foi the senes In the last 5 jeais there hate been 
11 cases with onh 2 deaths 

3 Theie lias been 1 late death The otliei 8 children have been followed 
an ateiage of 2 jeais All aie asjmptomatic Clinically, seieial hate ad 
dition.il mtiacaidiac shunts trim Ii will lcqiine closuic in the futuie 

4 AVe aie of the contiction, on the basis of this evpeuence, that piompt 
eoneetion of the coaietation and dnision of the ductus is the only lational 
foim of ticatment ioi these soiiouslt ill infants 

t 

{> Obscnations aie piesentcd wInch demonstiate that coaietation and 
patent ductus is also a lethal combination in the cvpenmcntal animal 
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PROBLEMS IN THE SURGICAL MANAGEMENT 
OF COARCTATION OF THE AORTA 


Laurence K. Groves, Al.D., and Donald B. Effler. M.D., Cleveland, Ohio 

D efinitive resectional surgery for coarctation of the aorta was introduced 
15 years ago. 1,2 During the ensuing years, thousands of patients have 
been successfully operated upon and the surgical technique has become well 
standardized. Today, the operative mortality is very low and, in general, the 
mere diagnosis of coarctation is in itself clear and sufficient indication for 
surgery. Despite these facts, coarctation of the aorta is not completely under¬ 
stood and retains problematical therapeutic aspects. These problems may ap¬ 
pear during the operation or in the postoperative period and, as will be shown 
in this impel’, they usually can be solved without jeopardizing the life of the 
patient. However, these problems raise questions concerning surgical judg¬ 
ment and the requisites of a satisfactory surgical result. We do not venture 
to offer definitive solutions to these problems but, rather, in this paper, we 
Resent our findings with the object of stimulating worthwhile discussion 
Bat ultimately should benefit future patients with coarctation. 

SURGICAL EXPERIENCE 

Our surgical experience with coarctation to January, 1959, includes 
(iO patients, all operated upon within the past decade. There have been 7 
operative deaths and in 1 patient no definitive operation was accomplished. 
It will be seen from Fig. 1 that this is a safe operation, if the extremes of age 
in the life history of the disease are avoided. The two deaths in the middle- 
age span occurred in (1) the first patient in the series who died of a delayed 
anastomotic leak, and (2) the only patient in the series in whom it was at¬ 
tempted to swing down the very large subclavian artery for end-to-end anas¬ 
tomosis below the coarctation. The technique worked nicely: however, the 
patient died suddenly approximately 6 hours after operation. The crotch 
between the aorta and the subclavian artery had split open where it had been 
hyperextended. Pathologically, there was found to be a loss of elastic tissue 
in this region. This experience led us to avoid using this method and cer¬ 
tainly nowadays the use of grafts has rendered this technique obsolete. 

Prom the Department of Thoracic Surgery. The Cleveland Clinic Founda ion. anil The 
Frank E. Hunts Educational Institute. 

Read at the Thirty-ninth Annual Meeting: of The American Association for Thoracic Sur¬ 
gery at Los Angeles, Calif.. April 21-2S. 1953. 
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The pioblems that base been encounteied m this opeiative expcnence 
may bo bioadly gtouped undei file headings (1) coaictation diagnosed in 
patients 1 jeai of age oi less, (2) coaictation diagnosed m patients moie 
than 45 yeais of age, (3) the syndiome of postopeiative abdominal pain, 
(4) the size of the anastomosis, and (5) icsidnal liypeitension 

1 Patients 1 Year of Age o> Less —Eleien patients 1 year of age oi less 
have been opeiated upon foi coaictation This seems like a high percentage 
of om total opeiative evpeuenee and is piohably not a tiuc indication of the 
lelative fiequency of significant symptoms m this age group It lefieets both 
an actne pediatue caidiologieal seiviee and pediatucians alerted to the 
significance of feeling the femoral pulsations All II patients manifested 
congestive heait failuie (Table I) 
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Fig 1—Summaiy of the operative experience upon which tins paper is based The ages 
of all 60 patients are Indicated at the bottom of the figure Details of the 7 operative mortali¬ 
ties are discussed in the text The patient designated unsuccessful had an aneurjsm dis 
tal to the coarctation This was early in our experience grafts were not available and no 
° * accomplished The patient who died 1 3 ear following surgery died 

atic heart disease All of the other patients arc known to be living 
chart shows that grafts were used in onl> 4 of the TO patients The 
, pain sjndrome was recognized on onl> 3 occasions 


An impoitaiit question that lemams to be definitely settled legal ding the 
advisability of this operation on infants is whetliei they mil “outgiow” 
then anastomoses and iclatne coaictation will rccui The piecaution of 
using mteiinpted sutme technique should be followed because such anas 
tomoses have giown well experimentally, hut the possibility of the iccuiicnce 
of coaictation is ail impoitant tlicoietical objection to perfoinung this opera¬ 
tion electisely' on infants 3 4 In this legald, om longest postopeiative follow¬ 
up is only 4 yeais and tlicie is no clinical evidence of lecuucnt coaietatiou 
at the present time Otlieis undoubtedly' have additional eudence on this 
point 

In a lecent papei, AIoss and associates 5 on the basis of fisc postopeiatne 
angiogiaphie studies, suggest that giowth of anastomoses lags iclafive to 
noimal infantile aoitas Howevet, in om experience mam of these aoitas 
aie definitely abnonnal (hypoplastic) ruitheimoic, it may he technically' 
impossible in minute aoitas to peifoim an “ideal” anastomosis that leases 
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no local deformity. Under such circumstances, normal findings on post¬ 
operative studies must be exceptional. Fortunately it is function and not 
appearance that counts and none of their re-studied patients had residual 
pressure gradients. 

With the recent rapid development in pediatric cardiology, it has become 
apparent that coarctation is a significant cause of left heart failure in infancy. 
It is our current belief that, if these infants do not respond promptly and 
completely to anticongestive measures, surgery offers less risk than protracted 
medical treatment. In the accompanying chart (Fig. 2) there is evidence that 
these infants get into difficulty because of associated additional congenital 
cardiac defects. Seven of the 11 infants were found to have intracardiac 
left-to-right shunts; 2 others had only extracardiac shunts (patent ductus); 

COARCTATION OPERATEO UNDER I YEAR OF AGE 

A j» end Additional Cardiac Dlo«noio* 

Dotormlnod CUnlcolly 2 4 6 8 10 12 Mo* 

at Colli, cl Surgory end at Autopty I i i i l i i 

PDA, Wolff Porkmton, Whilo —□ 

IA S 0, POA -CD 

Hypoplastic arch POA IVSD-dJ T 

AHttto aortic orcK, poa 
S ubaortic •lanosit, IVSO T 

HypOplOStiC oreh — t.. ..I 

Hypoplosfic arch —CUD 

Hypoplostle orch , IVSO - l__U 

Hypoplastic orch, IVSO — C- . - .. -I t 

PDA, IVSO -l--I'_ID 

Hypoplastic orch, POA, IVSO _I—.'—_L) 

Hypoplostle arch, PDA — ~_‘_*' — 

Fig. 2.—This figure emphasizes the large number of associated cardiac defects in infants 
having symptomatic coarctation Se\en of the 11 patients had associated intracardiac shunts 
and 2 additional ones had patent ductus arteriosus In all, there were 7 patent ductus In 
8 of the 11 cases there was hypoplasia or atresia of the aortic arch sjstem The 3 patients 
who died as a result of operation had palpably systemic pulmonary hypertension, and. in all 
3, including the 2 'with patent ductus, this pressure did not fall as a result of the operative 
procedure 

each of the 3 patients who did not survive surgery had a large interventricu¬ 
lar septal defect with systemic pulmonary hypertension. These findings 
indicate that the coarctation may he the straw that breaks the camel’s hack. 
Hopefully, correction of the coarctation may he lifesaving and allow future cor¬ 
rection of the other anomalies. Subsequent studies on 2 survivors with intra- 
eardiae shunts revealed dramatic improvement. One lost all catheterization 
evidence of an interventricular septal defect. This suggests that a fall in left 
ventricular pressure may allow a small shunt to close. In a second patient, who 
also had a large patent ductus immediately above the coarctation as well as an 
interventricular septal defect, the right ventricular pressure fell from 89/3 to 
40/7 mm. Hg. This relationship of coarctation and ductus may result in 
extreme pulmonary hypertension. A third infant, 5 months old at the time 
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of division of his coarctation, retained systemic pulmonary hypertension due 
to an interventricular septal defect. This was closed by open cardiotomy G 
months later, and he has done well since. 

In the adult coarctation there often is hypoplasia of the proximal aortic 
segment. This is also seen in the infant in whom this segment may seem 
extremely small (Figs. 3, 4, 5). Under these circumstances, in 2 infants it 
was impossible from the outside of the aorta to suspect that, in addition, there 
was a diaphragmatic obstruction typical of coarctation. In the first of these 
patients, a patent ductus was divided and, although coarctation was suspected 
from contrast studies at catheterization, no aortic resection was done and the 
coarctation was proved at necropsy on the following day. On the basis of 
this experience, the second ease was recognized and treated properly. Fre¬ 
quently the coarctation deformity of infancy is less obvious than that seen 




Fig. 3.—Tracings »f enlargements of single frames of 3." mm. motion-picture film on 
2-month-old infant B. W. A depicts tlie preoperative status. B is from a selective angio¬ 
cardiogram done l year postopcratlvelv. On the basis of the extremely hypoplastic distal 
arch depicted in a, it was suggested tliat this patient might well prove to have a surgically 
hopeless problem. Note that there is no residual anastomotic narrowing, but that a definite 
relative hypoplasia in the distal aortic arch persists. The femoral artery pressure to direct 
measurement at the time of the studies (.1) was 70 /- 1 C ; at the time of the studies (i?) it was 
102/60. 

later in life. It is likely that the coarctation represents a point of fixed 
narrowing and with growth the adjacent aorta enlarges to give the typical 
hourglass deformity. It is suggested that when in doubt the suspected seg¬ 
ment of aorta should be longitudinally incised so that, if a coarctation is not 
found, the aorta can be reconstituted. However, each time we have done 
this, the longitudinally incised segment has been excised as a part of the 
coarctation specimen with the exception of 1 patient in whom it was believed 
wise, because of the small caliber of the vessels involved, to treat the coarc¬ 
tation by closing the incision in Heineke-Mikulicz fashion after excising the 
diaphragm. The only other unorthodox anastomotic procedure was in an¬ 
other extremely hypoplastic aorta in which the anterior two thirds of the 
eoarcted segment was excised as a transverse wedge and an end-to-end anasto¬ 
mosis -was done in the usual fashion, except that the posterior portion of the 
aorta remained intact. 
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The infant who has a hypoplastic proximal segment, be it a long portion 
of the arch or only the segment from the subclavian to the coarctation, will, 
of course, have an anastomotic lumen no larger than this segment. This may 
be only one fourth or one third the diameter of the descending aorta beyond 
the anastomosis. VYe have several postoperative studies which suggest that 




Fig 4—Tracings of enlarged single frames of 35 mm motion-picture flint from Infant 
S S. A is a preoperative one, wlien the infant was 5 weeks old B is from studies 7 J /4 
months later At the time of surgery, in addition to the patent ductus, there was a diaphrag¬ 
matic component to the coarctation situated at the narrowest point shown This could not be 
seen on the angiographic studies due to insufficient contrast Note that in the postoperative 
study the relative hjpoplasU of the proximal aoita persists essentially unchanged Directlv 
measured femoral arter> pressures at the time of these two studies were 45/37 and 110/70, 
respectively 



Fig 5.—Postoperative angiographic study traced from an enlargement of a 35 mm 
motion-pictuie frame on Patient N G The child was 2 years of age at this time and the 
study w'as made 1C months after surgery At the time of surgery, the operator commented 
upon the very small size of the proximal aorta There was also a very large patent ductus 
arteriosus Certainly the relative hypoplasia has persisted Residual anastomotic deformity 
of this degree is probablj not hemodynamicaily significant, but tills child should certainly 
be restudied In several jears to see if the deformity increases with growth 


this size discrepancy persists (see Figs. 3, 4, 5). Application of Bernoulli’s 
principle to such a system reveals that the pressures are such that the narrow¬ 
ing may conceivably be self perpetuating (Fig. 6). C,T Nevertheless, the 3 
surviving patients in whom this size discrepancy was most marked have 
done well, recovei'ed from heart failuie, and do not need digitalis. 
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Tlie anatomy of coarctation in the infant is highly variable. However, 
the only striking difference between infants and adults lies in the group of 
patients with long segments of narrowing, or even atresia, of the aortic arch. 
These patients with so-called “infantile” types of coarctation do not often 
survive to be seen as adults. We ordinarily obtain angiographic demonstration 
of coarctations only in exceptional cases; particularly in the adult group with 
grafts readily available. However, all but 1 of the 11 infants were cathe- 
terized and, in most, selective angiocardiograms also were obtained. In view 
of the high incidence of associated defects we now believe such study usually 
is indicated. But too much reliance should not be placed on unfavorable 
angiographic pictures of the aortic arch, and almost without exception the 
infant with coarctation in heart failure should be explored. Although the use 
of grafts does not seem practical, 2 patients survived operation who were 
believed to have inoperable conditions on the basis of angiographic studies; 
the coarctations were not as proximal or as long as predicted. 



BE RNOUILLl’S PRINCIPLE 

Fig. G.—Most renders will recnll a comparable drawing in their textbook of high school 
physics. Stated in its simplest terms, the principle is that In any fluid system greater speed 
of flow is associated with lower pressure. In the tubing depicted above with a constant flow 
of fluid going from left-to-right it is obvious that the fluid travels faster through the "coarcted 
segment." The pressures are measured in the manometers taking off from the various portions 
of the tubing. A more refined example of Rernoulli’s principle is the airplane wing in which 
case air 1ms to travel farther to pass over the curved upper surface than the flat bottom 
surface; therefore speed is greater, and pressure lower above the wing, and the wing thus 
acquires lift. If. in the system depicted, the narrowed segment is made out of soft rubber, 
one will find that ns tho flow is increased the soft segment can be made to collapse together. 
Indicating a pressure lower ttmn the surrounding atmospheric pressure. 


2. Coarctation in Patients More Than is Years of Age .—The commonest 
causes of death in patients with untreated coarctation of the aorta are com¬ 
plications of degenerative vascular disease, either closely related to the coarc¬ 
tation itself or in the cerebral circulation. Obviously the tendency to 
premature development of arteriosclerotic and other degenerative vascular 
changes increases the operative risk with advancing years, but it is not 
rational to set a hard and fast age deadline beyond which coarctations should 
not be resected. The 2 oldest patients in this scries were 47, 48, and 49 years 
of age. respectively. The 47-year-old patient had an uneventful operation, 
although the aorta was extremely friable and held sutures poorly. She was 
readmitted to the hospital 3 weeks following operation with fever, dysphagia, 
and hoarseness, and died shortly after this with a mycotic false aneurysm 
at the anastomotic site. The 48-vear-old patient required a graft for anatomic 
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lathei than degeneiatne leasons and has had an uncicntful postopeiatiie couise 
foi moio than 1 >eai The 49 yeai old patient picsents an lntciesting pioblem 
and will he briefly discussed 

A 49 yeai old white man had Inui await oi high blood picssuie since the 
age of 11 jeais At the age of 3G jeais 13 jeais pnoi to examination heie 
he had a eeiebial lasculai accident with tiansiont loft hemiplegia At this 
time the diagnosis of coaictation was established In the mteiini, the patient 
had led a moderately sheltcied existence and stated that his blood piessure 
had langed iiom 230/120 to 2G0/120 mm Ilg Within the 3 months pnor to 
being examined lieie, the patient had noted the onset of piogiessrve djspnea, 
paioxysmal noetuinal djspnea, and a lionpioductn e cough Dunng this time 
he deieloped aunculai flhiillation and was digitalized Hospitalization was 
pieeipitated by the piogiession of his sjmptoms m spite of tieatment Under 
hospital conditions it was not difficult to eontiol his congestive failuie Blood 
piessme was lepoited at fiom 250/80 to 290/110 mm Hg m the aims No 
blood picssuie and only eqimoeal pulses could be detected in the legs It 
seemed cleai that this patient had little futiue without smgeiy and the pa 
tient elected to undcigo opeiation aftei fiank discussion 

The coaieted segment was lcseeted A 5 cm homogiaft was used chiefly 
to get bejond athoioscleiotic changes that wcie maximal in the immediate 
ucinitj of the coaictation The opeiafiie pioceduie was uneientfiil Daily 
in tilt postopciativc pcuod the blood picssuie in the uppci extienuties fell to 
appioximitelj 140/90 mm Hg (Dig 7) At this blood picssuie, the patient 
had a rapid, weak pulse, was cold to the touch, and coveicd with piofuse 
peispnation He piesented the tjpical pictiuc of deep surgical shock m spite 
of a “noimal” blood picssuie His condition did not lespond adequately 
to blood transfusion and vasopiessoi agents On the fiist postopeiatiie daj 
he was placed m a “G suit” 8 which eompiesscd lus body fiom the waist down 
The sjstolie blood piessme was easily maintained at appioximatelj 180 The 
patient lost his appcaianec of shock and felt well subjectnciv Dining the next 
16 hours, wheneiei the ‘G suit” was deflated, the patient's picssuie fell and 
the shock-lihc state recuiied Tout days postopeiatnely the clinical pictuie 
piogtessnely implored and the blood piessme stabilized at 190/90 in the 
uppci extiemities with a picssuie m the legs of 175/80 Six days post 
opeiativcly, the pictiuc became complicated by abdominal pain and distention 
of an ill defined natme and mental confusion This confusion and mildly 
piogiessive abdominal symptoms and signs continued until death in coma 
occuned on the eighth postopeiative day 

Ncciopsy showed seieie aitcnosclciosis in the lcmanung aoita and m 
both the eeiebial and coionary aitenes Theie was extensive lecent encepha 
lomalacia in the light eeiebial hemispheie Also noted weie three berry 
anemysins m the middle eeiebial aiteues An additional finding which will 
be discussed subsequently was a neciotizmg angiitis of the “acute, hypci 
sensitivity tjpo” that was evident in colon, lenal aiteues, and prostate 
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In Inicf, tins man died ns a dneet lcsult of inadequate ceiebial poifnsion 
at the Ioweied postopeiative blood piessuic No diseiete vasculai occlusions 
could be denionstiated m the eeiebial cneulation The only finding was 
advanced aitenosclerotic changes with lesultant seveie nnnowmg Paia 
doxically the situation lesulted in which the ceiebial cneulation Mould not 
toleiate the loueimg of blood piessme associated with a technically satis 
factory opciation Admittedly this ease is an isolated oceurience in our 
senes Hovvevei, it is a leadilj explainable complication and theoietically 
max occui uith some iiequencv m patients of tins age gioup 4Ye should be 
mteiested to knou if otheis have encounteied similai pioblcms 

3 Syndiome of Postopcuilue Abdominal Pain —The sc iidioine of abdomi 
nal pain folloMing suigical nsection of eonictation oecuis Mitli sufficient fie 
quenev so that most thoracic smgeons have obsetved it Sealv 0 fiist mentioned 
such a case in 1953 and described uhat has piov cd to be the typical pathologic 
picture Otliei case lepoits folloMed, 10 11 but it lemamed foi Ring and Lewis 12 
to assemble a gioup of these cases and foiccfully bung to the attention of 
thoiacic suigeons the tme significance of this problem A gioup of poorly 
undeistood and piesumably coincidental postopeiative abdominal complica¬ 
tions suddenly made sense and ueie obviously tlieieaftci better caied for 

The lneidoncc of this pioblem may be suipnsingly high Ring and Leu is 1 " 
lcpoit some dcgice of the syndiome m 28 pci cent of 64 postopeiative pa 
tients It is difficult to cliau the line between moie than the usual postopera 
tne distention and ileus and a tme abdominal complication A leview of 
om iceoids lcvealod only 4 cleai cut examples of uonisome postopeiative 
abdominal pioblems m GO cases, and 1 of these pioved to be an um elated 
condition 

It seems cleai that the basic pathologic lesion is a mechanically induced 
panaitentis in the viseeial aitenal tiec The mechanical insult is iehited 
to the incieased piessuic head and pulsation lesulting fioni lcliof of the 
obstmetion in the aoita Compaiablc vasculai lesions have been cxpeiimen 
tally piodnced in the kidneys of lats, m which animals the splanchnic cncula 
tion is appaicntly lelatnely moie i esistant 13 The icnal aiteties of the 49 
yeai old man cited above did sliou such changes at neciopsv Renal nitenal 
changes may well be tominon aftei opeiation foi coaictation, but do not mam 
fest themselves as oveitly as do changes m the mesenteric cnculition Scaly 
and associates 11 state that then expenence suggests that the abdominal pun 
syndiome oecuis m those patients who have a icactiie hypciteiision of gieatci 
than picopciative levels oecuiiing aftei the second postopeiative day, and 
lasting foi fiom 1 to 2 weeks In a few patients, wc have obscivcd and have 
been quite concerned about this type of lenctive hypotension, houevei, these 
individuals have not shown the abdominal pain syndiome* It is possible, 


•In a 5 month old infant operated on too recently to he included In this 
dromo appeared in the presence of definite rcicthc h>i erten^ion (blood pressure up to iw/i w 
mm Hg) On \presohnc therapj, the course ^as uneventful 
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howcvet, tli.it icactive liyjieitension is i dated to acute postopeiative lenal 
vasculai changes (Pig 8) Two childien who had the syndiome of postopeia 
tive abdominal pain m its classic foun had no diamatic fall m blood piessuie 
in tlio linmcdiatclj postoperative penod, but, in each, the systolic piessuie 
was essentially unchanged tioni the picopciative le\el duiing the hist post 
opeiatnc week In the thud patient, the 49 jcai old man aluady repoited, 
the fall m blood piessuie was immediate and lathei diamatic However, it 
has seemed to us that in all three of these instances a complete lehef of ob 
stiuction was accomplished with absolutely no anastomotic nan owing oi as 
soemted aoitic hypoplasia and thus the mesentcnc aitenal tree iteened 
maximal niciease in blood flow This, of eomse, is a common operatise ac 
eomplishment 

One of the 2 eluldien with the typical syndiome was a 6 year old boy 
who had uneventful lesection of a typical conictation lie fust complained 
of abdominal pain on the tluid postopeiative day At that time the diagnosis 
of intussusception was considcied, a banuni enema study was pcifoimcd and 
the examine! thought that he saw and i educed an intussusception Howevei, 
the same clinical pictute of abdominal pam of fluctuating seventy with a 
paioxysmal component peisisted Theie veie no true localizing signs The 
leukocyte count appioximatcd 20,000 pei eu mm On the eighth postopera¬ 
tive day, a lathei seveie exaceibation of abdominal pain with some localiza¬ 
tion to the nght. side occimed and a lapaiotomy was pcifoimcd The sig 
mficant findings weie liiiection of the mesentcnc vessels in the midpoition 
of the small intestine with mesenteric lymphadcnopathy There was a small 
amount ot soapy fluid within the abdominal cavity Biopsy of the mesentciy 
and a mesentcnc lymph node, not including significant blood vessels, showed 
clnome inflammation and fibiosis The lymph node showed chronic lytnphad 
enitis Following lapaiotomy, the patient’s condition i cammed unchanged 
foi 1 additional week aftei which his symptoms pi ogi essiv ely disappeaicd, 
undoubtedly in spite of, lathei than because of, the nonspecific therapy lie 
had been leeeiving Theie have been no difficulties m the ensuing 3 yeais 

The otliei child was a 5% yeai old boy At catheterization, a patent 
ductus and a eoaietation with moderate pulmonary hypeitension weie ding 
nosed, and at opeiation the diagnoses weie confiimcd The patent ductus 
was of model ate size and sti addled the point of maximum eoaietation The 
opoiative pioceduic was uneventful, and lie fust complained of ill defined 
abdominal pain on the fifth postoperative day' By this time we weie familial 
with the syndiome and followed him closely' There weie seveial otliei mtei- 
estmg manifestations, including a migiatmg aitlnalgia of the lowei extiemi 
ties, and a peculiar deep swelling in the left lumbal muscles The child was 
tieated with steioids which lelieved the aithialgia, but the abdominal com¬ 
ponent continued with a fluctuating severity and by the twelfth postopeiative 
day definite ascites was picsent Theie was finally sufficient unpiovemcnt to 
allow hospital dischaige 1 month aftei sutgciy lie was examined again 2 
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months after operation when it was apparent that he was still having abdomi¬ 
nal difficulties; the condition at this time resembled partial intestinal obstruc¬ 
tion. He was hospitalized and barium studies confirmed the presence of partial 
small-bowel obstruction for which reason laparotomy was performed. The 
terminal 2 feet of ileum was involved in an inflammatory mass and upon 
taking this down there were multiple fistulas between the loops. A small 
abscess was also present. This bowel was resected and an anastomosis per¬ 
formed. The patient had an uneventful convalescence and pathologic exam¬ 
ination of the resected bowel showed ulcerations, fistulas, and a small segment 
of complete dissolution of continuity of the small bowel. Examination of 
arteries in the specimen showed only rare, slight intimal proliferation. There 
was no necrotizing vascular lesion. However, this operation was performed 
more than 2 months after the initial procedure and presumably the operative 
specimen represented the end stage of this pathologic process with localized 
bowel infarction. 

The fourth abdominal problem mentioned, which was unrelated to the com¬ 
plication under discussion, occurred in a 7-year-old boy. He had undergone 
resection and graft replacement of a coarctation and a distal aneurysm. In¬ 
fected thrombi were present in the aneurysm. After several days of abdomi¬ 
nal pain, he required emergency laparotomy for an abdominal catastrophe and 
associated shock. A spleen, containing multiple infarcts, was found to have 
perforated spontaneously. This ease is cited to warn against overconfidence 
in expectantly treating such patients. In general, however, the syndrome of 
abdominal pain is a nonsurgical problem. 

Sealy 14 has reported that autonomic blocking agents (hydralazine hydro¬ 
chloride) are effective. "We have not had experience with these agents. One 
of our patients was treated with steroids with equivocal results, the rationale 
being that a similar pathologic condition on a hypersensitivity basis may 
respond to this therapy. It should not be forgotten that these patients may 
undergo visceral infarction and perforation, and should thus be kept under 
close surgical scruntiny. Additional reports on specific medical therapy for 
the underlying vascular lesions should be presented. It is rational that anti¬ 
hypertensive drugs offer specific therapy. 

4. The Size of the Anastomosis .—The goal in any coarctation operation is 
resection of the narrowed area and reconstitution of the aorta so that there 
is a smooth channel without residual narrowing. Unfortunately in many 
instances this is easier said than done. The typical pathologic feature in 
coarctation is a rather abrupt narrowing with a definite diaphragmatic com¬ 
ponent that will usually allow an anastomosis having normal or very nearly 
normal lumen. However, there are two groups of patients in whom this may 
not be the case: those having definite hypoplasia of the aorta, and those 
having a lengthy coarcted segment. 

Specific mention of hypoplasia was made in the operative notes of 20 of 
the 60 patients in this series. The commonest manifestation is the finding 



Vo] 39 No I SURGICYL MANAGEMENT OF COARCTAIION OF AORTA 
Jan iry I960 


71 


of a small aoita above the coaieted segment, and of some degtee of post¬ 
stenotic dilatation, at least iclative to the hypoplastic segment, below the 
coaieted segment (rig 9) The small aoita may constitute onlj the segment 
below the left subclavian aitoiy oi it may include the whole visible aich 
On occasion the entile tlioiacic aoita maj seem defmitelj small In either 
ease obviously the anastomosis can be no laigei than the diametei of the 
uppci segment and ceitainly little is to be gained bj accomplishing an anasto 
mosis that is laigei than the diamctci of the distal aoitic aich 

Patients having a lengthy coaieted segment aie laie The segment 
usually is seen as a long tapei mg consti letion, how ev ei, in oui c\pei lence, in 
vanablv at the nanow poult tlieie is an additional diapluagmatic component 
Ileie one inav be obligated to use a giatt, but bow much less than a noimal aoitic 
lumen is acceptable undei those cneumstancest It has been our piactice to tiv 



Fig 9—Drawir 
Both of those tj pea 
performing n graftin 
in fat or of placing s 
such circums ances 
of at least 1 cm in 



es of hypoplasia in the aortic arch system 
rcpularitj There can be little justification to 
as deplete 1 m A \n aigument can be made 
arteij down to the lower segment in B In 
to accomplish an anastomosis with a lumen 
to sraft 


to accomplish tlie hugest anastomosis possible without the use of a giaft The 
leasomng behind this choice lias been that, m geneial, these opeiations aie 
being earned out on young poisons with a life expectancy of many years 
Since vve do not now know the ultimate fate of blood vessel giafts, we have 
tiled to avoid then use when possible This explains the paucity of grafts 
in this senes where the} have been used ioi degeneiative 01 anemysmal 
changes associated with tlie eoaictation (Pig 10) Aiguments can be made 
against this appioach to the pioblem These include the possibilitj of futuie 
degeneiative changes secondary to the tuibnlcnci associated with lesidual 
naiiowing Also, Rodbaid' has shown that localized nniked lcduction m 
cioss section aiea of a vessel mav he followed bv intimal piohfeiation with 
development of a eoaictation like stenosis lie also points out that, in aecoid 
ance with Bernoulli's pnnuplc the fall in picssmc at a point of constnction 
may well tend to potentiate 01 uicicase the naiiowing These changes, how- 
cvei, prolnhlj lequiic a 11101 c muked and ahiupt reduction in cioss section ll 
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area than would, ever be accepted as a satisfactory anastomotic procedure. It 
is almost an invariable finding that the lumen, through a coarctation of suf¬ 
ficient significance to be diagnosed clinically, is minute. Thus, if a large 
number of collaterals are not sacrificed (and collateral arteries, usually inter- 


A. 


D. 




Fig. 10.—-Examples of types of coarctation where grafting procedures are frequently 
indicated. Occasionally the orifices of aneurysmal intercostal vessels, as depicted in O, may 
be carefully purse-string sutured and the involved aortic segment thus preserved. An example 
of a coarctation similar to B is discussed at some length in the text We would not use a 
graft in this instance if sufficient narrowed aorta could be resected so that a lumen diameter 
of 1 cm. could be accomplished. 


costals, should not be needlessly sacrificed in accomplishing the operative 
procedure), the patient should benefit significantly by any increase in diam¬ 
eter that can be achieved. 

Gupta and Wiggers, 15 in acute dog experiments, found that a reduction 
of more than 45 to 55 per cent in aortic cross-sectional area is required before 
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the pressure in the proximal aorta or femoral artery is affected. This cor¬ 
responds to a reduction in diameter of one fourth to one third. They also 
found that total peripheral resistance was not significantly raised until the 
constriction approximated 70 per cent of the natural aortic diameter. Simi¬ 
larly, Clatworthy and associates 10 found in the dog “little influence on the 
passage of blood through a stenotic area until that area is reduced to at least 
25 per cent of the normal cross-sectional area or about 50 per cent of the 
normal intraluminal diameter.” 

A person with coarctation has already made excellent physiologic and 
anatomic adjustment to much more severe obstruction than that of these 
experimental conditions, and should thus have normal findings with even 
greater deformity than obtained in the experimental situations, which is cer¬ 
tainly greater than would be acceptable as an operative result. (See the 
appendix for an elemcntaiy mathematical analysis of this problem.) 

Data will be presented suggesting that moderate residual constriction is 
well tolerated by the patient. 

In several infants with extremely small aortic segments in the vicinity 
of coarctation it was tempting to use a graft to enlarge a soda-straw lumen 
and to overcome the theoretical objection that, in accordance with Bernoulli’s 
principle, these segments may not grow. However, this latter point is not 
now definitely settled and certainly the use of a static nongrowing graft in 
an infantile aorta is out of the question. In adults or in large children, with 
one exception, wc have always been able to accomplish an anastomosis, the 
internal diameter of which approximated at least 1 cm. This is indeed as 
large as the lumen of many of the hypoplastic aortas and in all cases has 
given what seems to be a satisfactory operative result without significant 
residual pressjire gradient. An occasional patient has had residual hyper¬ 
tension and wc have tried to evaluate the possibility of residual coarctation 
as an etiologic factor. 

5. Residual Hypertension .—In the com tie of postoperative follow-up studies 
of our patients treated for coarctation of the aorta, it has become apparent 
that as a group they tend to have extremely labile blood pressures; a reason 
for this will be suggested. But, in addition to having labile blood presumes, 
approximately 10 per cent of the patients on repeated follow-up visits re¬ 
mained consistently hypertensive. With the assistance of our Division of Re¬ 
search and Cardiovascular Laboratory,® we have hospitalized 4 of these pa¬ 
tients for study, including direct piessurc measurements and contrast-medium 
visualization of the aortas. To throw additional light on this problem, we also 
have been fortunate in having the opportunity to restudy the 1 patient, men¬ 
tioned previously, in whom an anastomosis of definitely less than 1 cm. in 
diameter was accomplished. 

She was a 12-year-old child (II. D.), who was asymptomatic, but had typi¬ 
cal coarctation findings with blood pressures in the arms of 160/85 to 1fi.>/85 

•We are indebted to Dr. Harriet P Dustan. Dr F Slaton Sones, Jr.. Dr Dari IC Shirey. 
and Mr Frederick Olmsted for their assistance 
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mm. Hg. Pressures were not obtainable in the legs. The surgical problem 
and solution as diagrammatically drawn in the patient’s chart postoperatively 
by a member of the house staff are shown in Pig. 11. The reasoning at the 
time was that, although homografts were readily available, this child’s aorta 
was not completely full grown and the graft might become a point of relative 
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Fig. 12.—Blood pressure observations over almost 4 years on Patient M. B. The de¬ 
crease in pressure gradients between the arms and legs suggests some aortic growth in the 
vicinity of the anastomosis. In view of the hypoplasia in her aortic arch system, the residual 
minor hypertension is probably due to a small central reservoir. 


coarctation. More important was concern as to the long-term fate of a ho¬ 
mograft placed in a 12-year-old child. This girl has now been observed for 
4 years and representative blood pressure readings are shown in the accom¬ 
panying graph (Pig. 12). Clinically she has remained asymptomatic, al¬ 
though, to palpation, pulses in the lower extremities are not as forceful as 


















Taiii.k 11. Data on Patiiints Hronini) With Rksidval Hypertension 


7S 


GROVES AND EFFLER 


J. Thoracic and 
Cardiovas. Surg-. 




\o! 39 No l bURGlCAL MANAGEMENT Or COARCTVriON OF AORTA 
Jit uar> I960 


79 


those above The pioxmial .loita was cathetenzed via the light bnchial 
aitetj' and contiast studies as well as picssuie measuunients wen made 
Piessuic m the jitoximal aoita was 122/74 mm Hg, while that in the femoial 
aittiy was 112/72 mm Ilg Th( motion pietmes show definite evidence of 
lesulual nan owing hut, m tompanson to the small cahbei of the tiansveisc 
aoitie aich this nan owing seems mmol and the contiast medium passes this 
aiea with high velocity and no suggestion of dclaj (Pig 13) It had been 
contemplated that this gill would leqitne leopeiation with giaftmg m hei 
adult life In view of these studies, it seems doubtful to us that the lmpiove 
ment to he obtained would be woith the usk entailed At the piesent time 
(Fig 12), this patient, m spite of liei small anastomosis, is not significantly 
hypeitensne These findings suggested to ns that iesidual nanowmg at the 
site of anastomosis was piobably not a maioi faetoi m the pathogenesis of 
peisistent h> pel tension 



Fig 14—Tracing of an enlargement fioni a. 3 mm motion pictuie fiame on Fatient r 
A aged 29 years 2 3 ears following surgery This patient has excellent femoral pulses an 1 
1 picssure gradient under direct measurement was 14 mm of mercury systolic This patient 
also has mild aortic insufficiency 

As mentioned, 4 othei patients wcic studied in this legatd Then data 
ne summaii/ed in Table II In spite oi the iesidual lijpeitension, all of these 
patients had excellent femoial pulsations on examination and, undei isson 
tially basal conditions with sedation, dneetly measuied gradients aeioss the 
aiea of eoaietation aie small, the maximum being 14 mm of meieuiy svstoln 
piessuie In 2 patients theie was significant detectable iesidual nanowmg 
One of these at the time ot opciation had verj definite hypoplasia in the mi 
mediate vicinity of the eoaietation which undoubtedly accounts foi this find 
mg The othei one does hate some iesidual defoimity at the anastomotic 
aiea (Pig 14) 

In 2 patients contrast medium was seen to leguigitate aeioss the aoitie 
valve in diastole confiimmg the ptesence of mild aoitie insufficiency which 
undoubtedly contiibutcs to their systolic liypeitension 

In 3 of the 4 patients, at the time of suigeiy the small cahbei of various 
poitions of the aoita was noted This finding was also noted by mdividuils 
doing the leeheck contrast medium studies 
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The team that studied these patients was also most impressed by the 
high velocity of flow in the aorta. This is readily demonstrable with the 
motion pictures obtained using the photofluorographic unit and image inten- 
sifier. The finding of relatively small aortas and high velocity flow suggests 
that a large component of the hypertension in these patients is related to a 
small inelastic central arterial reservoir, so that the hypertension is not unlike 
that seen in the arteriosclerotic person, that is, chiefly a systolic hypertension 
with a relatively normal diastolic pressure. It is likely that there is deficient 
or abnormal elastic tissue in many of these aortas. However, Ave do not have 
sufficient histopathologic proof of this at the present time to warrant further 
discussion. If patients with coarctation are considered frequently to have a 
small central arterial volume and decreased vascular elasticity, their blood 
pressure might be expected to vary roughly in proportion to variations in 
heart rate. The thought is ingrained in these patients that their well-being 
is closely allied to Ioav blood pressure; hence, the mere application of the 
blood pressure cuff provokes an emotional stimulus that may result in tachy¬ 
cardia. Thus, it is not surprising to get widely varying and frequently hy- 
pei’tensive readings in postcoaretation patients. Of the 4 hypertensive patients 
discussed here, 2 are hyperkinetic and, at almost every examination, have had 
rather marked tachycardia. In both, blood pressure has responded rather 
dramatically to Rauwolfia preparations that have also sloAved the heart rates. 

The 4 patients restudied for hypertension are male; Ave do not have a 
clear-cut example of this postoperative problem in female patients. This 
suggests that the male propensity for arteriosclerosis may be accelerated by 
coarctation. In this limited series, the age of the patient seems to have little 
bearing on the persistence of hypertension. 

We do not propose here to settle the dispute concerning the pathogenesis 
of hypertension in coarctation of the aorta. There are proponents of simple 
mechanical obstraction, and also of renal ischemia . 17 We suggest that post¬ 
operative residual hypertension may be largely explained on the basis of the 
structural characteristics of the blood A r essels, and that comparable factors 
must certainly be applicable preoperatively. In the course of re-evaluating 
the postoperative conditions of the 5 patients avIio have been discussed, it Avas 
believed to be Avorth Avhile to study their renal function rather closely. It 
Avas suggested that perhaps such a patient might haA'e a second coarctation¬ 
like lesion involving the renal circulation to maintain his hypertension. Also, 
if these patients had typical essential hypertension, it should be manifested 
in the renal circulation. Mere observation of the patients under hospital 
conditions Avas enlightening. It Avas apparent that this Avas a systolic and 
not a diastolic hypertension, as are both essential and renal hypertension. 
Furthermore, under hospital conditions, all 5 patients became essentially 
normotensive, which should not happen to a person having essential or renal 
hypertension Avithout specific treatment. The renal function tests on these 
patients are summarized in Fig. 15 and Table III. Renal plasma Aoav and 
glomerular filtration rate Avas normal or elevated Avhen compared to average 
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normal values. 18 Filtration fraction was normal and total renal vascular re¬ 
sistance was normal or slightly drei eased. Thus, none of these patients evi¬ 
denced the lenal vasoconstriction characteristic of essential hypertension 
Our results arc in accord with those which Kirlcendall and associates 10 found 
prior to the surgical repair of aortic coarctation. Such findings suggest that 
the hypertension of coarctation is not of humoral origin. 
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*!«■ 15—Oiaphic demonstration of mean renal function \alues in 5 postoperative patients 
tabulated in Table HI There is no e\ idence of renal \ asoconstriction in these postopci a.ti\ e 
patients 


Table III. Tabular Summary of Renal Function Studies in 5 Postoperative Patients 
With Mean Values and Comparable Normal Values 18 


NAME 1 

RBF 

RPF 

GFR 

FF 

PM 

R 

E. A. 

1,(540 

902 

208 

0.23 

100 

4 37 

M. D. 

1,877 

1,070 

164 

0.15 

107 

4 31 

H. H. 

1,113 

612 

133 

0.22 

100 

6.42 

W. H. 

1,366 

683 

186 

0.27 

120 

G 39 

R. T. 

1,293 

675 

129 

0.19 

101 

5 58 

Means 

1,459 

788 

164 

0.21 

106 

5 37 

Normal 18 

1,166 

635 

130 

0.20 

100 

5.31 


RBP = lenal blood flow in c c per min , UPF = renal plasma flow in c e per min 
OFR = glomerular flltiation rate in c c per nun . FF = filtration fraction. PM = mean 
aitenal pressure in mm of mercury, and R renal losistnnce in 10 s dynes/sec /cm 

Note that in every instance the values fall within the normal range and that the mean 
\ alues exceed normal 


W r e suggest that coarctation of the aorta as a congenital anomaly consists 
o£ not only the mu towed segment, hut also of other integral detects of the 
aortic arch system. These defects aie hypoplasia oC varied caliber and extent, 
and deficiencies of the inherent aortic elasticity. Admittedly, this latter 
defect is hugely hypothetical, but more than premature development of arte¬ 
riosclerotic rigidity is probably present in the young persons studied. The 
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narrowed segment only can be coped with surgically, and other factors cause 
residual hypertension. They are probably also major factors in the preopera¬ 
tive hypertension. 

SUMMARY AND CONCLUSIONS 

The purpose of this paper has been to discuss problems that have con¬ 
tinued to perplex the authors in the course of their surgical experience with 
coarctation of the aorta in 60 patients. There are other aspects of the prob¬ 
lems that could haA r e been discussed, but those cited have seemed to be the 
major ones in that they recur with significant regularity. A discussion of 
this type does not warrant many firm conclusions and the primary mission 
when this project was initially undertaken was 1o clarify, rather than solve, 
the problems under discussion. However, the clinical research involved in 
assembling these data has led to the following tentative conclusions. 

1. An aggressive surgical approach to the infant patient in congestive 
heart failure with coarctation of the aorta is indicated. In a majority of 
these patients, the coarctation is only a part of a complex cardiac anomaly; 



Pig. lfi.—See text. 


however, the coarctation and the frequently associated patent ductus are the 
most accessible parts of such problems from the surgical standpoint and 
operation has resulted in very gratifying results. Residual aortic hypoplasia 
seems to be well tolerated. 

2. No conclusions can be drawn about surgical treatment of coarctations 
in patients more than 45 years of age. The surgical risk is certainly high, but 
each case must be weighed on its individual merits. 

3. Experience with the postcoarctation abdominal pain syndrome is very 
limited. It is our impression that this complication is probably associated 
with extremely complete correction of coarctation and maximal increase in 
visceral circulation. "We hope that additional reports of treatment with anti¬ 
hypertensive drugs will be forthcoming. 

4. We believe that a strong case can be made for satisfaction with moder¬ 
ate residual anastomotic narrowing. Tt seems reasonable to avoid the nse of 
grafts if an anastomotic lumen of 1 cm. in diameter can be accomplished 
without their use. 

5. Postoperatively, these patients tend to have a labile blood pressure and 
it is thus difficult to ascertain which patients are truly hypertensive; in this 
series, the figure approximates 10 per cent. Study of such patienls suggests 
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th.it the lij pci tension is clue to a small inelastic cential aitenal lesenon 
l.itliei than lesulnal obstiuction and fuithei suggests that, m all piobabihtj 
the same factois play a ide m the liypcitension of the indicated patient 


u'pcismx 

It is of interest to consider the lndratdic aspect of fluid passing through a constric 
tion This has been worked out m ithcmatically for the flow of homogeneous fluids thiough 
rigid tube s\stuns The problem becomes much more compile ited when one consideis a 
torpusuil 11 fluid, such is blood, flowing through distic \cssels in a puls itilc m inner 


Area-:— Diameter- 
A, 


'aT 


if V 2 = 6ft/sec Head Loss (H l ) 
V, = 



1 25 mm Hg 



2 5 mm Hg 



7 mm Hg 


1 41 

1 



50 mm Hg 



480 mm Hg 


Fig 17Head loss associated with constrictions of \arjing magnitude The circles corrc 
spond to the area and diameter ratios given 


The discussion which follows is thus olniouslj a gross o\eisimplification of the problem 
as it applies to a stead} flow of w iter m n rigid tube s} stem 

Tliero is aen little cnerg} los-, in n elostd s\stem fioni fluid entering a sudden con 
stnction The loss is nssoci ite 1 with the exit from this constriction where there is a sud 
den loss of telocit^ and much entrgj is lost from turbulenco (Tig lb) This “head loss” 
imia be capri sspl mathematical!* In the following equ itiou 
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In this equation H L = “head loss” in pounds per square inch; V — velocity in 
ft./see.; g = the acceleration constant of gravity (32 ft. per sec.-); and d = density of 
water (62 pounds per cu. ft.). 

To assist in solving this equation and further to simplify grossly the problem, sev¬ 
eral assumptions are made. 

V. is arbitrarily assumed to bo 200 cm. per second which equals approximately 
6 ft. per second (a not unreasonable value at the aortic valve). 

1 lb. per sq. inch approximates 50 mm. of mercury; therefore a pressure of 150 
mm. of mercury approximates 3 lb. per sq. inch. 

Yj is related to V, by the following equation: 



Keeping V. a constant (6 ft. per second) and canceling out the density of water (62 lb. 
per cu. ft.) against 2 g (64 ft. per second^) as equal to essentially unity, the equation is 
now solved for several common ratios of cross-sectional areas for A. and A, (Fig. 17). 
Note that the “head loss” is not great until the area ratios acquire an almost 2 to 1 
discrepancy. It is of interest that this rough mathematical analogy is in essential agree¬ 
ment with the findings on a clinical and laboratory basis in vivo. 

We are indebted to Mr. Frederick Olmsted, Research Division, The Cleveland Clinic 
Foundation, and Professor Ray Bolz, Department of Mechanical Engineering, Case Insti¬ 
tute of Technology, Cleveland, Ohio, for assistance in this mathematical analysis. 
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Discussion 

(PVPEFS B\ BURIORD [PVOE 47] A\I> GrOVES [PA(E GO] INK THFir ASSOCIATES) 

DR JOHN C JONES, Los Angeles, Calif—-X would Id e to saj that I thoroughly ague 
with nil Dr Ferguson, Dr Ctro\es, nnd their respective coauthors have said 

[Slide] I would like to discuss some of the results on our patients in our experience 
over the last 12 )ears Mj associates and I have operated on 230 patients up until J inuarv 
1 of this jear 

You will note that there were two deaths m the 14 patients under the age of 3, ami 
10 of those 14 patients were 10 weeks or younger, and the two deaths were in inf tuts 4 and 
5 weel s of age 

This is a miserable group Nevertheless, I think it is wortli while doing even thing 
that can be done We don’t advocate that these patients be cathetemed bee iu*>c the) an 
usuall) in failure and are ver) sick children 

The vast majority of the patients that we have opciatcd upon wire between the ages 
of G and 30 jears Eight of the patients were between the ages of 41 and 49 )ears md 
there was no mortality in the older group Two of them were 49 veiru of age, and all 
of them have done well following surger) There were 2 patients m this group who were 
severelv incapacitated before we operated on them, and tlicv were completely rehabilitated 
later after their operation 

Fifteen of the last 100 patients, or 15 per cent of the last 100 patients on whom we 
have operate 1, have received homograft implants following resection of the coarctation 
Before wo had grafts ivailable to us wc dul 11 suliclavian aortic an istomoses with wlmt we 
thought were ver) satisfactor) results In these two categories wc have had no deaths anl 
no particular morbidity 

Included m the mortality of 3 9 per cent of these 230 patients were 3 patients who 
developed mjcotic aneurjsms at the site of the anastomosis In other words, 33 per cent 
of the mortality has been due to mjcotic aneur)sra at the site of anastomosis Ty\o of these 
have occurred in the last 6 months and the other one was several )ears ago 

These 2 that no had recently n ere hoy % ages 16 and 6 They occurred after a long 
period of no mortality Neither had pleural or wound infections and the source of their m 
fcction is not known The 16 jear old bo) had acne, he returned to the hospital after having 
been discharged from the hospital on his eighth postoperative da) in what we thought was 
satisfactor) condition “When he came back he had fever nml \ rav study rivealed an 
aneutysm, he did not respond at all to intensive therap), and ho dud of rupture of a mveotn 
aneurysm His blood cultures were positive for staph)lococcus The G vear ohl bo) oj erated 
on 2 months later returned to the hospital after having bun discharged on the seventh post 
operative dnv IIis mycotic aneurjsm did not respond to intensive chenioth rapv and it 
luptured Blood cultures were negative Now m retrospect, tins voung bov had a historv 
of frequent respiratory infections, having been off and on antibiotics for f> months prior 
to the surgery This experience would indicate that these patiuits should be fne of ill in 
feet 10 ns without antibiotic tlierap) for at least 0 weeks before nnv cardiov i-eulir surgery 
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is undertaken. I believe the increasing incidence of resistant infections and remote re¬ 
sistant infections harbored by these patients is going to lead to more frequent complications 
of this sort, and this is a complication that is most difficult to deal with. 

You will note that we have not carried out the subclavian aortic anastomosis since we 
have had grafts available, but nevertheless we have felt that these results over a long-term 
period have been quite satisfactory. 

[Slide] Recently we had a patient with a subclavian aortic anastomosis return because 
she was having dizziness, and it afforded us an opportunity to do a retrograde catheterization 
via the femoral artery. Unfortunately the dye study is not good, but irr the roentgenogram 
itself it can be seen that at the anastomosis there is quite satisfactory lumen in spite of 
the fact that this girl had a hypoplastic transverse arch at the tinre of her surgery. She still 
has some residual hypertension; but nevertheless the mean pressure readings at the tinre 
of her aortograms was 110 mm. Hg, both above and below the anastomosis. It was decided 
by the cardiologist before we did this that her dizziness was on the basis of hyperventilation. 

DR. A. G. BROM, Leiden, The Netherlands.—I am very grateful to you for giving 
me the opportunity to attend this meeting and to listen to so many interesting papers. 
I especially want to congratulate Dr. Groves and Dr. Ferguson for their investigation. 
1 should like to make two remarks about the problem of coarctation. 

First of all, upon the size of the anastomosis. [Slide] On this slide, you see on the 
ordinate, the quotient between the systolic pressure in the femoral and brachial artery, 
taken intra-arterially. So, point 1.00 means that the systolic pressure is the same in both 
arteries. At point 1.10 the pressure in the femoral artery is higher while at 0.070 it is lower, 
etc. I want to emphasize that these findings are relative and have nothing to do with the 
absolute value of the pressure readings. 

On the abscissa is shown the quotient between the surface of the anastomosis and the 
aortic arch as calculated, approximately, during the operation. At point 1.00 the surface 
is the same. At 1.10 it is more, etc. As should be expected from earlier investigations, there 
is only a slight difference in systolic pressure between the brachial and femoral artery as 
long as the anastomosis is more than 50 per cent of the aortic arch. More interesting, how¬ 
ever, is the finding that in patients in whom the surface of the anastomosis is larger than 
the surface of the aortic arch, the systolic pressure in the femoral artery might be lower 
than in the brachial. After finding this, we went over our pictures made during the opera¬ 
tion and then got the impression that the result of an operation for coarctation doesn’t 
always depend upon the absolute size of the anastomosis, but also on the form of the re¬ 
constructed descending aorta. If the size is more than 4 cm. in circumference, which means 
about 1.3 cm. in diameter, then we think this will be sufficient in an adult. 

[Slide] But, there should not be any residual waistline in the aorta; the recon¬ 
struction of the arch and descending aorta should be so that the medioventral side of the 
aorta becomes a smooth curve, and the nearly always present bulging of the aorta on the 
dorsal side should disappear. To accomplish this, we either resect more or make an incision 
in the bulging part. The use of hypotensive drugs and an approximator helped us to get 
tliis shape of the aorta and, at the same time, to obtain an anastomosis with a circumference 
of 4 cm. 

I don’t want to say that my fish is bigger than Dr. Jones’s fish! But, we operated upon 
more than 300 patients and by following the above-described technique, we used only 
thirteen grafts. 

Now, I want to say something about the histology of the coarctation. At our Uni¬ 
versity, Dr. Wiele'nga has made serial sections of the resected specimens and he has found 
that there is a close relation between the ductus arteriosus and the coarctation, regardless 
if the ductus is patent or not. There is marked difference between the collagen-rich, elastin- 
poor, fibrous tissue of the ligament and the elastic tissue of the aorta. The extension of 
this ductus tissue is pretty much the same in all investigated specimens. It goes from the 
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point of insertion around the whole of tlxo stenotic aorta On the ventral side, and 
at tlio point of insertion of the ductus into the aorta, it makes up for the whole of the media 
of tho aorta and on the litcril and dorsil walls it is between the intiinn and the media 

[Slide] ltight here is the insertion of the duttus and you see this tv pi cal, elastmpoor, 
fibrous ductus tissue miking up the whole of the media ot the aorta, and on the opposite 
side jou will find that the same tissue is present between the media and the intvma of the aoitn 
Dr Wiclenga could locate this fibrous ductus tissue in man) serial sections and it followed 
al\\a)S tho same pattern—from tlio place of insertion, inside the media, at the site of the 
stenosis, around the aortic wall, regardless if the ductus was patent or not This ductus 
tissuo has also been found m normal aortas, but there it is limited onh to the place of 
insertion of the ligament 

Thank jou once again for the privilege of entering into this discussion I apologize 
to the members of the Society for taking more than 3 minutes of their time, but the subject 
of coarctation of tho aorta is not only near to the heart of the patient, but also very close to 
ni) own 

DR GEORGE II. HUMPHREYS, New York, N Y.—I, too, appreciated verv much these 
two papers, and hesitate, after the large senes of Dr Jones and Dr. Biom, to bring the 
results of our smallct series to you, but I feel that this is a good chance, as Dr. Giovts 
brought out, to compare notes 

Since 1047, when we started doing coarctations at the Presbjtcnan Hospital in New 
York, we have had 86 cases Our results have been lemarkabl) similar to those reported, 
with one exception We have not found many in the infantile group, in spite of tlio fact 
that, since publication of the first report from St Louis, our pediatricians have been ver) 
much aware of this situation and have been looking for such patients 

We have, ns a matter of fact, operated upon only 3 infants less than 3 )cais old 
There were no deaths m this group, but 1 of these patients did have a recurrence of lus 
coarctation 5 )cars later. 

I would like to ask whether either Dr Ferguson or Di. Grovts has seen any iceurunt 
coirctation in an) of their cases done m infancj 

Wc were aware, of course, of the growth factor. These operations wcic done with 
nitonupted sutuies of fine catgut m the hope that growth would not be interfered with 
The patient whose coarctation recuned was operated on again successfully and is doing well 
Incidentally, none of these patients had any other lesions 

In regard to the older age group, like the series from Cleveland wc have had 3, 2 aged 
47 and one aged 43 One of these was conccted with a b)pass graft and the other 2 were 
done by direct anastomoses One of the patients died of coronir) occlusion G weeks after 
successful recovery from operation 

This brings up the question as to whether reduction of hypertension in the proximal 
aortic arch m a patient with artenol disease is leillv a good idea or not 

Like Dr. Jones, in the carl) period we resorted to subclavun turndown [Slide] Wc 
have hero a postoperative angiocardiogram of a patient who had such an operation done 
approximately 2 )ears beforo this picture was nndc This shows that the subclavian rc 
mamed small, the anastomosis is approximately onl) 1 cm in diameter This patient was 
an adolescent girl and later became a professional tamer of wild horses She had no diffi 
culty whatever physiologically. 

We have done 11 subclavian turndowns Most of the patients do have some residual 
hypertension. We have done, since tins operation became obsolete, 12 grafts, and many of 
these patients also have some hypertension remaining 

[Slide] This is a study done on a patient with a giaft who did hue some residual 
hypertension; as you see, 168/64 mm Hg after opention, with a difieruitul of 125/55 m 
tho femoral artcrv This patient had a homograft which became calcified, and I believe 
this lends support to the concept that it is not a reduction m lumen sire but perhaps the 
rigidity of the wall in the intervening vessel which maj plav some part in the residual hyper 
tension, since so far as we know tho lumen was not compromised in this patient at all 
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It also shows that, whereas, before operation there was a lag period in time between 
the brachial and the femoral simultaneous pressure readings, after operation this lag was 
eliminated and physiologically this patient is in good shape. 

[Slide] The final slide will illustrate the slow return of patients to full recovery. This 
is as measured by ballistocardiogram, which we feel gives a good indication of the mechanics of 
recover}' from coarctation. The K wave here is not present in the preoperative coarctation. It 
appears immediately postoperatively in a small form, but gradually gets bigger, and not until 
1 year later is it of approximately equal size to the I wave, which is the normal situation, so 
that, even though the anatomy is restored essentially to normal immediately, there is a rather 
long, slow recovery period. 

There are many other areas in which I would like to compare notes, but time does not 
permit. Our over-all mortality was approximately 5 per cent, 3 patients dying in the early 
period of problems which I think would no longer bother us; one immediate death when the 
clamps were removed, one of hemorrhage due to an inadequately tied intercostal, and one of 
overtransfusion. 

Two late deaths have occurred, one of coronary occlusion as I have already mentioned, 
and one of mycotic aneurysm similar to those Dr. Jones described. 

DR. NATHAN K. JENSEN, Minneapolis, Minn.—The discussions by Drs. Jones and 
Brom and Dr. Humphreys have been timely. 

I wish to record a brief case report dealing with repair of coarctation in the ovcr-45 
age group. I think Dr. Humphreys’ remarks were very good in this respect. If the indi¬ 
vidual has advanced generalized arteriosclerotic disease, the reduction of the hypertension 
may present a hazard. However, if the individual does not have evidence of generalized 
arteriolar sclerosis, then we feel that it is safe to reduce the hypertension by excision of the 
coarctation. 

This was well illustrated by one of our patients who confessed to 58 years of age. Her 
husband thought she was 50. She had successfully perpetrated this little deception for 30 
years. This woman was known to have severe hypertension for at least 10 years prior to her 
referral for surgery. Her blood pressure during that time ranged from 230/100 to 250/120 
mm. Hg. Physical examination revealed no evidence of generalized arteriolar sclerosis. The 
eye grounds were normal, and the electrocardiographic studies showed only left ventricular 
preponderance. There was no evidence of cerebral damage. 

Surgery revealed an uncalcified tough vessel free of atheroma and easy to work with. 
Correction of the coarctation was readily accomplished. The patient’s blood pressure was 
normal immediately after surgery and is now, 3 years later. She remains well and has had 
no sequelae. 

DR. EGBERT H. FELL, Chicago, Ill.—The Society has been greatly privileged to 
hear these two papers, and I was particularly pleased to hear Dr. Ferguson and associates 
make a differentiation between coarctations of the preductal and the postductal types occur¬ 
ring in infancy. We agree with their report. 

The preductal group, we believe, should be cared for in infancy. Our experience is 
limited and sad. No patient in the postductal group, diagnosed during infancy, to date has 
required surgery. We have had one death; an infant died of heart failure within 24 hours 
of admission to the hospital. 

Dr. Gasul and his associates have diagnosed and watched a good number of these 
patients and have kept them well above the age of 3 to 6 years without a mortality. 

[Slide] A few slides will, I believe, confirm and contribute to Drs. Groves and Effler’s 
paper. This drawing was made at surgery 12% years ago. There is a 4 cm. long stenotic 
area at the isthmus and a stenosis of the subclavian artery at its origin. The patient is 
now 25 years old and living a normal life. At surgery, mobilization of the aorta was ac¬ 
complished without injury to the collaterals and the resulting end-to-end anastomosis was 
about two thirds the size of the proximal lumen of the aorta. The blood pressures in the right 
arm and legs are equal, that in the left arm, obviously, remains lower. This patient was 


Vol 39. No 1 
Jinuary I960 


DISCUSSION 


80 


operated upon before aortic grafts were used. I believe this longterm result should cn 
torn age us to attempt more direct end to end anastomoses and loss giafting in young in 
dividuals 

[Slide] This slide shows a lo.uelation occurring in a 21y<ai old woman with a golt 
bill sired aiieuijsm just distal to the coarctation, and a slightly smaller uucurysm of the 
second intenost.il aitciy near the apex of the left chest cavity. At surgery, 3 years ago, 
the aneurvsms and coirctation were resected and excellent approximation and end to end 
anastomosis were accomplished without the use of a graft. Tins lady since has had a child 
and is living nornnlly 

[Slide] This drawing shows a 10 cm long coarctation in a 16 year old boy We be 
hexed at first a graft would be required, but behind this large subclavian artery in the apex 
of the left chest cavity was this tortuous aorta The left common carotid was proximal and 
the tortuous portion ended at the subclavian artery The aorta was divided at the junction 
with the subclavian and the tortuous portion brought out from behind the vagus and 
recurrent nerves The 10 cm hiatus was easily bridged. The patient had a satisfactory 
postoperative course 

[Slide] This slide shows the pathology of one of the 2 patients who required a graft 
This long coarctation beginning just above the diaphragm to below the renal arteries was 
left m place and a homograft was used to bypass it, using and end to side anastomosis at both 
levels The preoperative blood pressure in the upper extremities was 260/130 and post 
operatively it continued high to 200 rnra. Hg systolic and about 260 mm Hg in the lower ex 
treraities (a gain of 160 mm ). Much time was spent studying this patient’s kidney function 
and there was some diminished kidney function on the loft side Exploration of the 
vessels of the kidneys showed minute blood vessels going to the left kidney and normal 
vessels on the right The left kidney was removed, follownng which the blood pressure came 
down to 170/95 mm Hg Just before leaving Chicago, I learned that tlus boy was re 
covering from a ceicbral accident 

[Slide] This aortogram shows another very difficult and rare coarctation. This, we 
believe, is an neqmred coarctation Starting just distal to the left subclavian artery, the 
aorta was hard, nodulai, and stenotic The aortogram shows n nairowed, irregular lumen 
to tho iliac arteries We explored this woman 5 years ago, hoping that we might be of help 
to her We could do nothing Two months ago she was seen and was free of most of hoi 
coronary pain, but continued with severe hypertension, and no blood pressures were obtainable 
in the legs or the right arm She may have “pulseless disease ’’ Time does not permit 
furthei discussion of this unusual problem 

DR GEORGE H A CLOWES, JR, Cleveland, Ohio—I hesitate to bring an even 
smaller scries before the Society’, except that we have had an experience that might bo of 
interest to others 

About 8 years ago we were asked to deal with a boy’ who was then S years old He had 
a long coarctation with a hypoplastic left arch and a hypoplastic left subclavian aitcry 
Wo had no graft available to us, and felt that we would like to do something 

A clamp was placed on the left common carotid artery We waited 20 minutes and 
nothing happened The anesthetist assured me lie could feel a pulse in the left carotid 
Obviously the collateral circulation was quite good We divided the carotid and turned it 
down to make an anastomosis to the distal aorta The boy ’x blood pressure slowly came 
back to normal and has continued to be so for the S years He plays football and is in 
every respect a pcifcctly normal fellow 

I think that this is of importance pnnmrily, that a piece of noimally clastic vessel 
was put m there which perhaps is rather better than a stiff piece of homograft that might be 
by this tune rather smaller than the normal vessel which his grown gradually in size 

Wc did study this chap by arterial punctures above and below the anastomosis Both 
the pulse tracings are normal and pressures arc normal 
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DR. FERGUSON (Closing).—One specific question was asked by Dr. Humphreys. IVe 
have had no recurrences of coarctation, but the series is yet young. The average follow-up 
time now is only 2 years in the 8 children. 

Wo have a group of children, of course, in whom the diagnosis of coarctation was es¬ 
tablished during infancy, but who were not in heart failure. These children were followed 
until a more satisfactory time; that is, S or 9 years of age, and repair done then. It is 
interesting that no child in this group had an intracardiac shunt or an associated patent 
ductus. 

The most illuminating thing to us about tiiis series is the fact that if an infant comes 
into the hospital in heart failure and an intracardiac shunt is diagnosed, then it certainly 
behooves the pediatrician and the surgeon to look for an associated coarctation, because 
these children can be saved by prompt surgical correction of the coarctation. 

DE. GROVES (Closing).—Dr. Jones, we have operated upon only 3 patients over 45. 
One of these died of mycotic aneurysm about a month later; one is living and well, and the 
other, with regard to what Dr. Humphreys said, got a beautiful reduction in blood pressure, 
but when he died a week later his brain was mush. He, too, could not tolerate the successful 
lowering of the blood pressure with his arteriosclerosis. 

The longest follow-up in our infantile group is 4 years. We have not recognized the 
clinical recurrence of coarctation. We have several other postoperative angiocardiographic 
studies similar to the ones I have shown which show a residual hypoplasia comparable to what 
was there at the time of surgery, but we are not aware that true coarctation has recurred. 
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James L Hanson, AI D * (by mutation), ]t/lto C Daula, M D , Bart D lata 
/II D (by mutation), and Robeit P Glovet, /II D , Philadelphia, Pa 


C Miui \c suitGritY lias boon praetrccd foi onlr a feu rears and has stimulated 
lenrarkablc progress m diagnosis, anesthesia, and in suigieal thought and 
technique Through the rents, now surgical methods, aibitian classifications of 
r at dine disease, and indications foi operatirc treatment hare been proposed As 
these and the results of then application hate implored, mam interpretations 
and conclusions based on considerable c\peilenee, but sometimes on oldei eon 
eepts, hare made then war into the hteiatine, neailr nlrrars cmphasi/ing the 
successes As the eia of open heart stirgen comes into its own, it seems adrisablo 
to icriew at hast the most obr ions lnihnts lesulting horn closed heart surgeir 
nr search ot explanation and clarification toi rrliat often appeared to be pei 
plexing piolilcms to attempt to sitt out misconceptions and enots in judgment 
to define limiting pin siologu and pathologie lactots as ther exist todar, and 
to leeraluate certain areas wlieie knowledge is obvrouslr lacking 

T.iblc I shows the total number ot thoiaeie opciations, total hospital deaths 
both nredicnlt and surgical, the number of closed heart suigieal operations, and 
the total number of closed heart suigieal hospital deaths that hare occurred from 
Deecmbei, l‘t52 thiough Oeceinbci, lOIT, on tlie semecs oi the fflorei Chine 
gioup at the Pm sin tr nan Hospital in Philadelphia This report is partieulailr 


Tab n I Stnr\rAK\ of (\sis r\ I ms Snrm 



| 105J | 

19o3 I 

1954 j 

1955 | 

1956 | 
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TOTALS 

iotal admissions 

1 

S 1 

142 

2-n 

241 

531 

1,211 

Total thoracic operations 

1 

71 

9S 

lho 

1SR 

401 

920 

lotul hospital deaths (med & 








surg ) 

0 

15 

11 

23 

17 

27 

OS 

Total closed cardiac operations 

1 

66 

76 

120 

126 

155 

544 

Total closed cardiac surgical 








deaths 

0 

12 

6 

23 

12 

14 

G7 

Per cent mortality of closed 








cardiac surgical deaths 

0% 

1S% 

_8%_ 

11% 

I09r 

9% 

12 f r 


From the Thoracic and Cardiovascular Surgurj Department at Prcsb} terlan Hospittt and 
the Glover Clinic in Philadelphia Pa 

Read at the Thlrtj ninth Annu vl Meeting; of The American Association for Thoracic 
Surgery at Los Anceles Calif April _1 23 ID’S? 

*Ueseaich bellow of the American Heart Association 19aS 19 r 9 

t-Patlcnts admitted to the c irdiovascular seivice for stud} an 1 f\aluttlon but who were 
not opented upon 
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concerned ■with 67 closed heart surgical deaths, listed consecutively without 
omission, which represent the entire mortality experience of this group for this 
type of surgery in this institution for this 5-year period. 

Table II lists the 544 closed heart surgical operations and 67 deaths that 
occurred over the 5-year period. It will be noted that pulmonary valvotomy, 
closure of patent ductus arteriosus, and exploratory cardiotomy have been at¬ 
tended with no mortality. On the other hand, mitral commissurotomy has had 
a 7 per cent mortality; aortic commissurotomy, 21 per cent; mitral purse-string, 
35 per cent; and miscellaneous operations, 18 per cent. 


Table II. Classification of Deaths by Operation, 1952-1937 


OPERATION 

| NO. operated cases | 

DEATHS 

| % MORTALITY 

Pulmonary valvotomv 

17 

0 

0 

P.D.A. ligation or division 

19 

0 

0 

Exploratory cardiotomy 

32 

0 

0 

Mitral commissurotomy 

275 

20 

7 

Aortic commissurotomy 

57 

12 

21 

Mitral purse-string 

54 

19 

35 

Miscellaneous' 

90 

16 

18 

Totals 

544 

67 

12 


Resection coarctation of aorta; pericardial poudrage; pericardiectomy; infundibular re¬ 
section ; tricuspid commissurotomy ; closure interatrial septal defect; excision left ventricular 
aneurysm ; and Hufnagel valve insertion. 


Table III is a breakdown by disease in the closed heart surgical group. In 
1 he aortic stenosis and mitral insufficiency groups, in which aortic commissu¬ 
rotomy or mitral purse-string operations were performed, 3 and 6 cases, respec¬ 
tively, had associated mitral stenosis for which mitral commissurotomy was also 
performed. Table IV lists the cases according to clinical classification 1 - 2 and 
sex. 

Table III. Classification by Disease 
Primary Heart Disease—67 Closed Cardiac Surgical Deaths 


1 

NO. cases 1 

SUBTOTAL 

Congenital 



Interatrial septal defects (2," It) 

5 


Coarctation of aorta 

2 


Aortic stenosis 

1 


Infundibular stenosis (tetralogy of Fallot) 

1 

9 

Acquired 


53 

Rheumatic heart disease 


Mitral stenosis 

20 


Aortic stenosis (3t) 

11 


Mitral insufficiency (6t) 

19 


Tricuspid, mitral and aortic stenosis 

1 


Aortic and mitral insufficiency 

1 


Myocarditis 

Arteriosclerotic heart disease 

1 

4 

Postmyocardial infarction (angina) 

3 


Left ventricular aneurysm 

1 


Unknown 



Constrictive pericarditis 

1 

1 


Grand total 


♦Anomalous pulmonary veins, 
f Associated mitral stenosis. 
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IIC 

1 


1 





me 

2 

2 

4 





hid 

S 

13 

21 

HI 
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16 

24 

ivn 

11 

11 

2G 

IV 

20 

23 

43 

I\ F 

6 

9 

15 





Totals 

28 

39 

t,7 


28 

39 

b7 


In Table V the eases aic gioupcd accoiding to ttpe of opeiatiou and time 
ot death m lelation to suigen Opciutmg loom deitlis me defined as those 
winch oecm am time dining the eomse of anesthesia 01 suigen in the opeiat 
ing loom Immodnto postopemtnc deitlis au those oceuiung m the fiist 43 
liouis following suigen Deli\ed poslopeiatne deaths me those oecuiung ittei 
48 horns hut dming the pcnod of hospitalization 


I vbif V Gioubimi \rcorm\o to Tin OP Opliutiov \nd Timf of Dfatii 


OPFF VTION 

or 

TIME OF DEATH 
j IMMFDIATF | 

DELW FD 

TOTALS 

Mitral commissurotonn 

o 

4 

14 


Aortic commissurotomy 

fa (2‘) 

4 

2 (1*) 


Mitral purse stnng 

G 

S (S') 

5 (3*) 


Mitral and tricuspid commissurotomy 


1 



Hufnagel \al\e procedure 

1 




Ponca rdiec tom} 

1 



1 

PcricivTdnl poudrage 


2 


4 

Closure interatrial septal defect 

1 

1 

3 (1*) 

5 

Infundibular rejection 


1 


1 

Resection coarctation of aoita 

1 


1 


Resection left \cntncular aneurysm 


1 


T 

1 otals 

18 

22 

27 

G7 


•Coexisting mitr'd stenosis for which commissuiotomj was performed 


Table VI is a compilation of clinical and otliei ieatuies for the initial com 
missui otoim, aoitie commissuiotomy, and nntial piusestimg gioups which 
compnse 51 of the G7 deaths undei discussion The otliei 16 eiscs me con 
sideied latei in tlie test 

Mitial commissuiotoim icfers to the standaid opciation as desenhed pit 
noush, 3 ' although 9 of the pitients had nntciolatcial commissui otomy onh 
The twehc aoitie commissuiotomics weic pci toimcd In the tiansicntnculai 
loutc as desenhed elsewheie Of the 12 deaths undei discussion, 0 of tin 
patients weie operated upon with the now obsolete tluechladed ddatoi r and 6 
with the twobladcd Bioch dilatoi 7 The eiuient technique 8 was used in only 
2 of the lattei Cncumfeicntial sutuic of the initial \ahc was earned out ns 
desenhed in pienous publications” " 11 

The ohnouslj high moitilitj intis in tin imtic commissui otoim and mitial 
puise stimg gioups me m p ill, idited to tlic dcielopment ol these pioccduies 
Bettoi selection, lefinemcnt ot method, and piosicsx in mnnimcment and anes 
tlicsia 1 " 13 base cu 11 cutH lcduecd these to acceptable l ites 8 10 11 14 This studi 
furtliei lepicsents tlie gioup’s expcncncc lnigcls m acquired salMilm caidmc 
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disease. The bulk of the congenital heart surgery is performed at St. Christo¬ 
pher’s Hospital for Children in Philadelphia and does not form a part of this 
survey. 


DISCUSSION OF MORTALITY IN SURGERY FOR MITRAL AND AORTIC STENOSIS AND 

MITRAL INSUFFICIENCY 

Table VI summarizes most of the information pertaining to the mitral com¬ 
missurotomy, aortic commissurotomy, and mitral purse-string groups. 

Patients with mitral stenosis tolerate surgery much better than those with 
aortic stenosis or mitral insufficiency, and the majority of those who die do so 
in the postoperative period of advanced disease or of induced mitral regurgi¬ 
tation. On the other hand, patients with aortic stenosis and mitral insufficiency 
are faced with a high immediate risk, related particularly to more profound myo¬ 
cardial and systemic changes. It is apparent from the distribution by classifica¬ 
tion,*" in all categories, that nearly all the patients were in far-advanced stages 
of disease. This is particularly true in the aortic stenosis and mitral insufficiency 
groups. 

The ratio of males to females who die in the mitral commissurotomy group 
is higher than for the over-all series. 15 In contrast, the number of males under¬ 
going aortic commissurotomy is about three times as high, and there seems to 
be no relation of sex to surgical risk in this group. 8 ’ 15 Tn the mitral insufficiency 
group, the ratio of males to females undergoing surgery is about the same as 
for those who die. 14 ’ 13 

The age of the patient undergoing mitral commissurotomy may be related 
to the surgical risk in that the median age among the fatal cases is 4 years 
higher than in the over-all group of 275 cases. 

The median age of patients with aortic stenosis who died was also 4 years 
greater than that of the over-all operative material (57 cases). The median 
age of the group with fatal mitral insufficiency was only 1 year greater than 
that of the series of 54 patients operated upon. 

Although it is implied, in the figures listed, that most of the patients in all 
categories who died following surgery had rheumatic fever at or about age 15, 
it must be borne in mind that this figure depends on Ihe patient’s recollection 
of the onset of disease and is probably 4 to 6 years higher than it should be. 1 '’ 

It is interesting to note that cardiac symptoms were present for about one 
third of the total interval since onset of disease. However, frank congestive 
cardiac failure did not begin until the last H/o to 3% years prior to surgery. It 

*The Functional-Therapeutic New York Heart Association Classification 1 is as follows: 
Class I—no limitation of activity; Class II—slight limitation of activity; Class III—moderate 
to great limitation of activity; Class IV—unable to carry on any activity without discomfort. 
Class A—no restriction required ; Class B—restriction in unusual activity ; Class C—moderate 
restriction of ordinary activity; Class D—marked restriction of ordinary activity; Class E— 
should be at bed rest 

American Association Anesthesiologists Classification of physical status 5 : Class I—no 
organic pathology; Class II—moderate but definite systemic disturbance; Class III—severe 
systemic disturbance: Class IV —external systemic disorders (eminent threat to life); Classes 
V and VI —emergency states. 
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37 

postoperative deiths 
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Class 1\ 

10 


50 

11 


02 

12 
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05 
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50 

15 

78 

\ ague 
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J r > 
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2 > 

2 

11 
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20 

3 


25 

- 

11 
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5 
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~ r ) 

n 

11 

Females 

13 


65 

3 


25 

17 

89 
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Median 


44 



44 


32 


Range 

Si bS 



10 50 


18 52 


Number of years rheum itu fevu 









or cardiac disease present 
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10 



12 
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Range 


5 42 



13 42 


5 16 
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1 11 
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45 
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25 


47 
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10 
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42 
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45 
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Possibility of preoperativc rlieu 
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Table VI— Cont’d 



MITRAL 

AORTIC (3*) | 

MITRAL (5*) 


COMMISSUROTOMY 

COMMISSUROTOMY j 

PURSE-STRING 


NO. | PER CENT 

NO. | PER CENT! 

| NO. 

| PER CENT 

Electrocardiogram (preoperative) 





SR 

2 10 

9 75 

6 

32 

AP 

17 85 

3 25 

13 

68 

Bigeminy 

1 5 

(2) (runs) 



RVH 

13 65 

5 

26 

LVH 

1 5 

9 75 

4 

21 

L and RVH 

4 20 

3 25 

4 

21 

Strain or overload 

10 50 

6 50 

4 

21 

Partial AV block 


1 8 

2 

11 

L.B.B.B. 


1 8 



Healed infarct 


1 8 



Left ventricular size by x-ray (scale 





0 to 4 plus) 





Median 

V- 

3 


2 

Range 

0-2 

2-4 


1-4 

Irritable myocardium at surgery 

Blood replacement at operation 

6 30 

8 67 

14 

74 

(c.e.) 





Median 

650 

1,500 

1,500 

Range 

500-1,500 

500-2,500 

500-4,000 

Thrombus in left atrium or append- 





age 

11 55 

1 8 

2 

11 

Arterial emboli produced 





Definite 

6 30 

1 S 



Probable 

1 5 

1 S 



Postoperative shock in those sur- 





viving operation 





Immediate postoperative deaths 

4 of 4 

4 of 4 

7 

of 7 

Delayed postoperative deaths 

2 of 14 

2 of 2 

2 

of 5 

Postoperative frank CHF in those 





surviving surgery 





Immediate postoperative deaths 

1 of 4 

1 of 4 

2 

of 7 

Delayed postoperative deaths 

13 of 14 

2 of 2 

5 

of 5 

Mitral regurgitation 





Premitral commissurotomy 

11 of 20 

2 of 3 



Postmitral commissurotomy 

18 of 20 

3 of 3 



Increase in mitral regurgitation 

17 of 20 

3 of 3 



Degree mechanical correction of 





mitral regurgitation by mitral 
purse-string 





75% or more 



13 

68 

50 to 75% 



3 

16 

Less than 50% 



3 

16 

Description of mitral valve (opera- 





tion and autopsy) 





4-plus calcified, rigid 

2-plus calcified, 1-plus pliabil- 

8 




ity 

Shoeleather with some calcifica- 

2 




tion, rigid 

Shoeleather with 1-2 plus pli- 

5 


O 


ability 

Thin shoeleather 2-3 plus pli- 

3 

3 of 3 

4 


ability 

1 


5 
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Table VI—Co\T'j> 



Mill \L 

COMMISSUROTOMY 

AOITIC (3*) 

( OWMISSUI OTOMY j 

MITPAI (5*) 
PURSE STRINC 

NO | nr CFVT 

NO | IERCI VI 

VO [ PFR CENT 

Ivul glove, 4 plus plnbihty 

1 



Normal valve consistence 




Harked loss of valvular sub 




stance 




Slight to moderate loss valvular 




substance 



10 

Degree of mitral stenosis 




0 1 to 0 2 cm ” 

4 20 



0 2 to 0 S cm ° 

R 40 



OS to 15 cm s 

4 20 



Ov cr 1 5 cm ” 

4 20 



Mitral annulus (diameter m cm ) 




Median 



(10 Of 19) 

Range 



5 7 

Mitral orifice (diameter m cm ) 




Median 



(14 Of 10) 

Range 



3 fi 

Aortic valve 




4 plus calcification 


10 S3 


3 plus c deification 


2 17 


Calcification into myocaidium 


9 75 


Heart pathologic findings (number) 

(12) 

(7) 

(15) 

Muscle hypertrophy 

8 

fi 

13 

Perivascular fibrosis 

S 

7 

10 

Recent myocardial infarcts 


1 

0 

Healed myocardial infarcts 

0 

1 

0 

Rheumatic activity 

1 

1 

0 

Fatty change 

0 

1 

3 

Endocardial thrombus 

3 

0 

1 

Significant coronary atheroma 




tosis 

5 

0 

5 

r utig, pathologic findings (number) 

(15) 

(9) 

(I* - ) 

Chronic passive congestion 

14 

9 

1C 

Pulmonary fibrosis 

5 

0 

1 

Bronchopneumonia 

4 

1 

2 

Pulmonary edema 

4 

4 

9 

Pulmonary infarction 

o 

0 

1 

Liver, pathologic findings (number) 

(13) 

(S) 

(14) 

Chronic passive congestion 

0 

5 

11 

Cardiac cirrhosis 

3 


2 

Central necrosis 

1 


3 

Fatty change 

1 

4 

1 


* Ys*»ociateil mitral stenosis requirlnf? mitral commissurotomy 


is notable that the mtci\al of time that patients had congestive caidne failuu 
with aoitic stenosis is considerably slioitci tlnn with eithci miti il stenosis oi 
initial insufficiency, but it is also e\ident that patients with initial msufficicncY 
had a much shoitei intci\al dining which symptoms weie piesent These eon 
sideiations could suppoit the view that the patient with initial stenosis Ins i 
long com sc ot illness with a lelatnely slow piogicssion o£ symptoms and 
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deterioration. Likewise, the patient with aortic stenosis has a long course of 
illness with relatively slow development of symptoms but with rapid deteriora¬ 
tion after onset of congestive heart failure. The patient with mitral insufficiency 
has a shorter interval of rheumatic disease, with symptoms developing late in 
this course, followed quickly by congestive cardiac failure of a less precipitous 
nature than in cases of aortic stenosis. 

The electrocardiographic findings in the three groups in Table VI indicate 
little that would not be expected in the over-all series; however, atrial fibrillation 
in the fatalities was more common in mitral stenosis and occurred in aortic 
stenosis only when there was associated mitral stenosis. Ventricular hyper¬ 
trophy was overwhelmingly right in mitral stenosis, left in aortic stenosis, but 
about equally distributed between right, left, and combined in the group with 
mitral insufficiency. The presence of conduction defects in aortic stenosis and 
mitral insufficiency seems definitely associated witli a higher operative risk. 10,17 
The presence of myocardial irritability during surgery was determined from 
the operative and anesthesia protocols. It was observed in over half the fatali¬ 
ties, occurring in two thirds and three fourths, respectively, of the aortic stenosis 
and mitral insufficiency groups. 

The median value for blood replacement is definitely higher in the aortic 
commissurotomy and mitral purse-string groups than in the others. 

Thrombus was present in the left atrium or appendage twice as frequently 
in the fatal cases as in the over-all series for mitral commissurotomy. 15 ’ 18 The 
incidence of atrial thrombosis is low for the other two categories, as expected. 
Arterial emboli, producing cerebral infarction, were noted unequivocally in 6 
instances and probably in 1 other case.* This is about seven times more fre¬ 
quent than is found in the over-all mitral commissurotomy series. 13 ’ 18 There 
were noncerobral peripheral emboli in 3 of the cases mentioned above. 

Preoperative low-grade rheumatic activity is at times very difficult to 
diagnose with any degree of certainty, hut its presence could not ho ruled out 
in about one third of the fatalities under discussion. 

It is well recognized that digitalis leaf or its purified derivatives have toxic 
properties that are frequently associated with its clinical use. 1 ' 1 The diagnosis 
of and the degree of severity of digitalis intoxication cannot often be accurately 
determined and its presence is therefore listed as a possibility. There was no 
relation between the length of time of digitalis therapy and the suggestion of 
toxicity during the hospital course. Of the 24 instances of possible toxicity in 
the three groups under discussion, atrial fibrillation was present in 15, sinus 
rhythm in 8, and persistent bigeminy in 1 case. 

It will be noted in Table VI that about two thirds of the cases in all 
three groups were in frank or borderline congestive failure on admission to the 
hospital. The majority of the remaining patients with mitral and aortic stenosis, 
and all the patients with mitral insufficiency had been in frank congestive cardiac 
failure at some prior time. There was evidently a wide variation in the effec¬ 
tiveness of previous medical management. 

*One of these was from an autopsy-proved calcific embolus causing an infarct in the right 
internal capsule. 
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00/0 (30) 

123/15 

05/40 

105/80 

of MI pioduced 

4 

Pr< op 

38/25 

108/12 

108/78 



MI prtoperatm 1) , 


Post op 

40 23 

255/20 




aggravation hr 








surgerv 


figures in pnenthesea rcfei to mean pi assure—all pressures in mm Hg 
X *\—Pulmonarj artery LA—lett itrium P V\V—pulmonar> artery v\ edge Vrt—a\s 
tenne arterv Cl —cardiac In ltx PAR—pulnion irj arteriolar resistance Ao—aorta IjV— 
left ventricle 

In 4 eases of the 20 deaths due to initial commissuiotomy theic weio 
pieopeiatne hemodjnainic studies whuh aie shown on Table VII In 
2 oi these, hit heai t pi (‘suits weic nutisuicd at smgeiy In these, it is wmtli 
noting that significant men iscs m loft icntnculai diastolic piessuu, eon 
eomitant with delation ol lett atiinl piessuio, deeioasod aoitic pnssuie and 
deeieased atuoicntiicul u giadient, all oi which suggest soieie, acuteh piodiued 
null at lusufficienci 

Ilemodsnamic data aie mailable m G of the deaths due to aoitic stenosis 
In 3 ot these, opeiatne measuiemenls wcic made (see Tables VIII—A and B) 
It is impoitant to note that theic was an delated lett icntiiculai end diastolic 
pussuie in all ol these m the absence of deinonstiablc aoitic oi initial msiif 
ficiencj Opeiatne iiieasiuements indicate marked xcduction m the sistolic 
icntiienlo aoitic peak gradient with deeiease in the left sentneulai end diastolic 
and sistolic picssuies m 2 and deeiease in the sistolic but nunked maeaso m 
the end diastolic m 2 This indicates the production of significant aoitic msuf 
ficicnci in the found and initial lusufficienei ill the otlieis 

The heinodmanuc data collected m the studi of initial insufficiencj patients 
haie been leiiewed elsewhcie 10 11 The information pcitincnt to this study is 
sumra.iiired m Table IX rifteen of the 18 patients had pulmonan aiteii 
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Table VIII A. Hemodynamics—Aortic Stenosis 
(rUEOFERATIVE CATHETERIZATION DATA IN 3 OF 9 CASES) 



b. Preop. 35/6.5(23) 

Postop. 11/3(6) 

c. Preop. 62/30 

Postop. ? 


AO. 

125/50 

120/60 

140/75 

115/? 


|LV-AO. GRADIENT! REMARKS 
— 

30 

no 

0 AI produced 


All figures in parentheses refer to mean pressure—all pressures given in mm. IIg. 
Table VIII B. Hemodynamics—Aortic Stenosis-Mitral Stenosis 

(PUEOPEUATIVE CATHETERIZATION DATA IN 2 OP 3 CASES) 


CASE | PA | LA OR PAW | AO. | Cl j PAR | REMARKS 


CASE 

j PA 

| LA OR PAW | 

AO. 

| CI | PAR | 

a. 

68/16(28) 

20/15(18) 

65/56 

1.4 9 

b. 1953 

45/22(30) 

33/20(24) 

125/64 

2.7 1.5 

1954 

32/15(22) 

(15) 


3.1 

Operative Measurements (1 ease) 

CASE 

| LA 

1 LV | 

AO. 

|A-V GRADIENT! 


1). After 
MC 

Not after 
AC 


44/25/(37) 

60/25/(47) 


160/14 

120/21 


125/70 

84/60 


REMARKS 


Severe MT 


All figures in parentheses refer to mean pressure— all pressures given in mm. Hg. 

PA—Pulmonary artery; LA—left atrium; PAW—pulmonary artery wedge; Art—sys¬ 
temic artery ; Cl—cardiac index ; PAR—pulmonary arteriolar resistance ; Ao—aorta ; LV— 
left ventricle; LV-Ao—left ventricular aortic gradient; A-V gradient—atrlal-vontricular 
gradient. 

Table IX. Hemodynamics—Mitral Insufficiency Deaths 

(PREOPERATIVE CATHETERIZATION IN ALL 18 CASES) 




Pulmonary Artery 
(mm. Ilg) 

(18 cases) 

Mean pressure 

Peak systolic 
pressure 

Left Atrial or Pul¬ 
monary Arterial 
Wedge (12 
cases) 

Cardiac Index 
(12 cases) 
(L./min./M.s) 

Operative Pressures 

Left atrium 
(16 cases) 

Left ventricular 
cnd-diastolic 


DISTRIBUTION 


38 

22-25 

Over 35 

25-35 

Less than 25 



(11 cases) 

(4 eases) 

(3 cases) 


23-92 

Over 50 

40-50 

Less than 40 



(11 cases) 

(4 eases) 

(3 cases) 

37 

oo.72 




18 ( 29 )‘ 

7-24 




2.2 

1.1 to 2.8 

2 or over 


Less Ilian 2 



(9 cases) 


(3 cases) 




V wave 


50 

25-100 

Over 25 

Over 35 

Over 60 

19 

5-60 

(all cases) 

(12 cases) 

(5 cases) 

15 

3-45 

Over 20 

10-20 

Less than 10 



(2 cases) 

(10 cases) 

(3 eases ) 
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sistolie piessmes oiei 40 mm IT", 11 of which weie o\ei 50 mm Hg In all 
but 3 oases theic was moan left atml oi pnlmonaii aiteii wedge pressmes 
lngliei than 20 mm Hg, and theic was mcieascd pulmonan aitenolai lesistanee 
in two thuds of 9 cases m which this measnicmcnt is ,nailable 

The descuption of the initial \ahes was denied fiom the opeiatne and 
postmoitem piotoeols The dcgiee of initial stenosis, the diumetci of the ail 
llulus, and the si/o of the oufice wcie estimated digitally at suigen Aoitie 
lalsnlai calcification, was appiaised In external palpation as well as In the 
degiee of lesistanee to the dilating instillment In all eases m which autopsi 
examinations weie mailable, these estimates of calcification lime been compaied 
with the postmoitepi findings and lime been found to be gencialh in agicement 

In eien case of nntial eommissuiotonu, the stenosis was lelieied to some 
degiee Howeeei, an adequate eommissuiotomi as pienousli defined- 1 was pel 
foimed in onh 7 of the 20 fatal cases, and in none of the 3 fatalities of combined 
initial and aoitie stenosis was it possible to open the nntial lalie adequateli 
Advanced calcification and scaiinig was the limiting factoi m all of these 
Among tile 7 cases m w Inch satisfactoi \ eommissui otomi w as possible, 3 patients 
died in the fust 48 liouis with eciebial mfaietion Of the lemaimng 4, 1 had 
mvoeaidial mfaietion, 1 had pulmonaii nif.uetion 1 had lessoi ceiebial em 
bolization with a piotiacted eouise of bionchopneumonia, and 1 had piogiessne 
congestne cardiac failiue 

Pieopeiatnelv some nntial leguigitation was piesent in o\oi half of the 
patients with initial stenosis and in 2 of the 3 combined aoitie and initial 
stenosis fatalities Aftei initial eommissui otomi, initial leguigitation was 
piesent m 18 and 3 of these two gioups, rcspcctiieh Tlicie was definite in 
ciease m leguigitation m 17 of the foimei and 3 of the lattci gionp 

Aoitie commissurotomy was earned out aftei lontnculai fibullation oi 
cardiac anest had occuned m 4 instances A inechamcalli satisfacton aoitie 
commissurotomy w as pel foi nied m 10 patients Tliei e w as posteommissui otomi 
aoitie msuffieienc} in 1 accoidmg to piesxuie tiacmgs taken at siugeii and at 
autopsy m 1 a tear in a cusp with piodnction of a false passage 1 cm in 
diametci was noted 

In the gioup with mitral nisufficieiici the deguc of mechanical loiieition 
was giossly estimated by digital appieciation of anatomic eh inge m the iunetum 
ot the val\e leaflets, change in size, position, and cliainetci of the leguigitaiit 
let, and hi opeiative hemodynamic mcasniemcnts 10 11 Mitial purse stung w is 
earned out aftei the occuiience of lcntuculai filnillation oi caidiac aucst in 
3 cases In the maionty of the fatalities, the mechanical lnipiovement was 
maikcd, the limiting factoi in a lew being the state of the lalic, puticulail' 
the moiled loss of iaho substance, dowmiaid contiaction of ial\e leaflets, and 
lick of pliahiliti of the lalios theinsclies It is ajip.ilent tlint collection oi 
impioioment of the meeliumal dtlett is liol sufficient pci sc, to si\e mm} 
pitunts m tile adianced stage oi this disease 14 Jlisplaccd uieunifciciiti.il 
sutlues one tlnough the left atimm with subsequent mfi etion,’ 3 one ohstiuetmg 
the postcuoi descending hi inch of the light cmonai\ niton, and one thiough 
the base of the aoita icpicscntcd aioidabli technical eriois 

5M.S. wzmcf * rrvr > ^ 
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The data concerning postoperative shock and congestive cardiac failure in 
patients surviving surgery refer to the presence of these conditions as part, of 
the postoperative clinical picture for which active supportive treatment was 
necessary. It is interesting and striking that of the fatalities occurring in the 
immediate postoperative period all patients showed shock and about one fourth 
showed congestive cardiac failure. In the delayed postoperative period, shock 
occurred in about one third of the cases and congestive cardiac failure in 20 
of 21. 

The actual heart weights in the mitral stenosis and mitral insufficiency 
groups were about equal, while the group with aortic stenosis had distinctly 
heavier hearts. It is well known that concentric hypertrophy of the left ven¬ 
tricle is a predominant finding in aortic stenosis while in mitral insufficiency 
ventricular dilatation is more evident. However, when heart weight is cor¬ 
related with body surface, this relationship does not hold. It is quite likely 
that the discrepancy is due to the fact that the vast majority of the patients 
with mitral stenosis and insufficiency were in advanced states of emaciation 
which makes the estimates of body surface misleading. Microscopic examina¬ 
tion of the hearts showed the findings listed in Table VI. It is interesting to 
note that in all the eases of aortic stenosis and in one third of the other two 
categories, there was significant coronary artery disease. 

A comparison of heart weights of those patients having cardiac asystole 
during surgery (Table X), with those who did not, as well as with the groups 
listed by operation, shows that patients who had asystole did not show sig¬ 
nificant heart size difference; however, it is noteworthy that in such cases there 
was a greater elevation of left ventricular end-diastolic pressure. 


Table X. Median Heart, Liver, and Lung Weights 



BODY 

SURFACE 

HEART 

LUNG 

LIVER 


(M.2) 

GM. 

| G5I./M.2 

GM. 

1 OM./M.2 

GM. 

| GM./M.2 

Mitral commissurotomy 
(13 cases) 

1.50 

580 

398 

950 

585 

1,500 

900 

Aortic commissurotomy 
(9 cases) 

1.63 

640 

370 

1,090 

675 

1,600 

1,020 

Mitral purse-string 
(IS cases) 

1.54 

570 

410 

730 

534 

1,600 

1,090 

Cardiac asystole 41 

1.54 

591 

395 

952 

617 

1,730 

1,124 

No cardiac asystolct 

1.56 

630 

404 

S74 

549 

1,480 

951 


•Left ventricular end-diastolic pressure 22.1 mm. Hg: (median). 
fLeft ventricular end-diastolic pressure 17.S mm. Hg (median). 


MISCELLANEOUS DEATHS 

1. Closure of Interatrial Septal Defects (5 deaths).—Of the 5 deaths as¬ 
sociated vdth interatrial septal defects (all secundum type), 4 were after 
Sondergaard closures 24 and one after atrioseptopexy. 25 Two of these patients 
had anomalous pulmonary veins and 1 had associated mitral stenosis. One death 
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o(cuued in the opciating mom, 1 m the immediate postopeiative peuod, and 

3 m the delaved postopeiative ponod Thoic weie 3 females, aged 25, 35, and 
4.1, and 2 males, aged 9 and 41 Foul of the piticnts had symptoms 5 jeais oi 
longci, 3 of whom weie m fi ink congestive taidiac failuic on admission The 
pulmonan aiteiy piessiucs weie, elevated in all cases, being 38/18, 50/25, 80/36 
S0/30 and 100/4S min Ilg The filst 4 had left to light shunts of 4 0, 7 0, 5 0 
and 3 0 L pei minute, lcspectuelv, but the patient with the pulmonaij aiteiv 
piessute of 100/48 had a bidnoctional shunt, the e\aet vallies being unavailable 
foi this lecoul In this ease, the pulmonaij aiterv piessuie fell to onlj 92/36 
aftei elosme of the detect The pulmonaij aitenolar and total pulmonan 
\ asculai lesistanecs in the othei 4 cases weie 17 and 2 9, 2 0 and 2 9, 5 0 and 
5 5, and 5 5 and 6 2 lesistance units " r The clectiocaidiogiam showed light 
jentuculai hvpeitiophj m 3, light and left vcntiicillai hj-peitiopliy in 2, with 
light bundle blanch block m 1 of these Tlicie was suggestive evidence ot 
digitalis sensitn lty in 2 patients, an nntable mjocaidiuni at surgeiv in 3 
patients, jentriculai taclncaidm and fibnllation plajmg a significant lole m 
death in 3 instances (not mcieh as a tenninal event) Blood leplacement in 
the 4 adult patients langcd fiom 1000 to 3,000 cc Ilemoiiliage fiom an 
atnal teai followed In jentuculai fibnllation was lesponsihle foi the 1 opeiat 
mg loom death Peisistent aentilculai taclncaidm and otliei anlnthmias as 
well as eongestne caidiae failuic weie lesponsible foi the 1 immediate post 
opeiatne death, the anhvthmias hemg piesent tlnougliout the entne hospital 
com so and at caidiac eatlietcn/ation pieccdmg smgery Of the delajed post 
opeiatne deaths, 2 ot these patients, aged 37 and 49, had associated eongestne 
caidiac tnilme and died the tenth and thud daj', lcspectnelj, following suigeir 
Both had pulmonaij aiteiv ptcssuies above 80 mm Hg systolic One had 
elevated pulmonaij aitenolai lesistance (5 0 units) and initial stenosis foi 
which a satisfactoiy digital eomnnssuiotomj was peifoimcd through the septal 
detect The othei patient had the bidnoctional shunt mentioned above One 
postopeiative death lesulted fiom congestive caidiac failuic following an notd 
able technical cnoi which lesulted m insufficiency by laceiation of the poslenoi 
cusp ot the aoitic valve, as well as eieation of an aortico light atnal fistula In 

4 autopsies, the licait weights langed fiom 400 to 640 giams All showed In pel 
tiopln and fibiosis on micioscopic examination The combined lung weights 
ringed fiom 1,420 to 1,720 grams The lungs showed chrome passive congestion 
m 4, with edema m 3, and acute congestion m 1 The patient with the Induce 
tional shunt, who died 10 dajs postopeiativelj, also had extensive pulmonaiv 
venous tlnombosis 

2 Pencaidtal Pond)age (4 deaths) —Theie weie 4 deaths in the patients 
undeigoing pencuidial poudiagc,"’' 2 in the immediate and 2 in the del nod 
postopeiative peuod All weie males, the ages being 39, 46, 47, and 57 All 
weie Class IYD aecoidmg to the classification of the New Toik Heart Associa 
tion and Class IV bj plijsical status One had piedominantlj llieumatic lino 
c u dial msufficicncv with minimal v alvulai disease The othei 3 patients had 
histones of definite mjocaidnl mfaietions, with snbsequuit angina peetons 
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On electrocardiogram, 1 showed coronary insufficiency, another anterior wall 
ischemia (the autopsy showed recent and healed myocardial infarcts), and 2 
showed left ventricular hypertrophy and nonspecific myocardial damage. Two 
were in congestive cardiac failure on admission and 2 showed an irritable myo¬ 
cardium at surgery. 

Two patients died 7 and 16 hours post operatively and 2 died 7 and 8 days 
postoperatively, all with the picture of severe acute myocardial infarction. At 
autopsy, 2 showed extensive coronary disease with complete occlusion of the left 
anterior descending artery with healing infarcts in 1 and multiple occlusions in 
the other. 

3. Resection of Coarctation of the Aorta (2 deaths).—There were 2 deaths 
associated with coarctation of the aorta. An 18-year-old boy who died in the 
operating room, had been symptomatic only 3 months, but had extensive runs 
of ventricular tachycardia 2 days before operation. Cardiac arrest and ven¬ 
tricular fibrillation occurred 10 minutes after clamping the aorta. Autopsy 
showed a bicuspid aortic valve with both coronary arteries arising from a 
common ostium. The other patient, a 36-year-old woman, who had an unevent¬ 
ful operation, was doing well, but unexpectedly died in her sleep on the fifth 
postoperative day. Perusal of the nurses’ notes indicates the strong but un- 
verifiable possibility that digitoxin overdosage through nursing misinterpreta¬ 
tion was a contributing factor. 

4. Pericardiectomy (1 death).—This death occurred in the operating room 
in a 47-year-old man who died of ventricular fibrillation following hemorrhage 
from a tear in a tense, greatly distended pulmonary vein. This patient had had 
a previous attempt at a pericardiectomy and had been in congestive cardiac 
failure for about 18 years. 

5. Resection of Left Ventricular Aneurysm (1 death).—This death occurred 
in a 47-year-old man who had developed a large ventricular aneurysm 251 follow¬ 
ing myocardial infarction. The resection was carried out without event, al¬ 
though extensive thrombosis was present in the aneurysm. Postoperatively, a 
left hemiplegia was noted and profuse bleeding occurred through the chest 
drainage tube. A total of 11,500 e.c. of blood was given and eventually explora¬ 
tion confirmed the impression that the bleeding was not from the ventriculotomy 
incision but part of a general hemorrhagic diathesis. At autopsy, fibrocascous 
pulmonary tuberculosis, adenocarcinoma of the stomach with bone metaslases, 
and mural thrombosis at the ventriculotomy site were present. 

6. Infundibular Resection in a Tetralogy of Fallot (1 death).—This patient 
was a very sick 24-year-old woman with long-standing cyanosis and a definite 
diagnosis of tetralogy of Fallot with infundibular stenosis. The cardiac cathe¬ 
terization data showed a right ventricular pressure of 100/4, infundibular 
chamber pressure of 40/8, and pulmonary artery pressure of 16/8 mm. Iig. 
The peripheral oxygen saturation was 49 per cent. The preoperative hematocrit 
was 81 per cent and the hemoglobin 22.6 grams per 100 c.c. After resection of 
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tluec fiagmcnts ol musculai tissue tioni the 1 nf 11 nd 1 bul .11 obsti action , 30 a supin 
vcntneulai tachvcaidia deieloped followed In shock and finalh deatli 3 houis 
postopeiati\eli At autopsv, a Mediation m the light coionau cusp of tlie 
aoitic valve was piescnt, in addition to ceielaal edema, mfaiction of the lnei, 
and aitcilal and \cnous thiombi m the lung 

7 Mitial and Tncuspul ('vmmmmolomij (1 death) —This death occnried 
m a 34 seal old woman, opciatid upon tlnough a light thoiaeotonn Both 
\ahes weie intimated and calcified, and, although both weie s-itistactonli 
opened, two to tluec plus initial and one plus tucuspid legiugitation was pio 
duccd Thcic was also an associated mild aoitic stenosis The patient dei eloped 
lnpotcnsion at the end of the opeiation and died 4 horn's postopciatnelj m 
spite ot suppoitne measuies Postmoitun examination of the lieait specimen 
on the Piesbytenan pulse duplicator * 1 showed the initial and tricuspid valves 
to be niopeiable 

8 Genoa] Consideration i —Among 53 cases ot lhciiinatie caidiac disease, 
theie was a possibilitv ot lheumatu aetmti m 12 

Seven of G7 jiatients locened no digitalis pnoi to admission blit G of these 
weie digitali/ed dining the hospital eotiisc Ot the G 6 patients lcccning digitalis 
oi one of the punfied du natives, 27 oi 41 pci cent, showed evidence suggestive 
ot digitalis toxic its 

Peiicnidi.il sjmphjsis was present m 11 instances (16 pet cent) 3 of 
these bung incomplete 01 tlusc 1 instances wuo associated with picvnius 
c.ndiac opeiations although 1 was in the patient with eonstiictno peucaiditix 

At opeiation, 31 (4G pci cent) ot the G7 patients showed unequivocal and 
G showed possible mcieasod nnoeiidial niitabilitv Tueiitv five patients, oi 37 
pet cent oi all the deaths showed vontnculai fibullation oi caidiac aucst 
duung smget 3 Of these, 7 ueic icsuscit.iteel but died in the immediate post 
opeiative penod 

Among the 25 opci.itmg loom caidiac anests oi instances ot scntnculai 
fibullation, 10 weie associated with unequivocal evidence ot sudden oi seven 
blood loss The median blood leplacement m these 10 g.ises was 2,500 ce, with 
a lange of 1,000 phis to 5,000 ec Despite the lact that eemsidciablc cau was 
taken to iiplaec blood loss, these patients tolciated even small deheits veiv 
pooilv A definite diminution m blood piessuie (eitliei alnupt oi giadual) 
oceuued in 19 (76 pei cent) fiom 4 to 30 minutes piecoding caidiac asvstole 
The blood piessuie lall staited with inception ot anesthesia m 1, with placement 
ill the lateral position in 1, on opening the pencaidium m 5, with caidiac 
instrumentation oi manipulation m 8 , and with sutlilen blood loss m 2 Theie 
was no hi potension m G anil, m 2 in ninth the aoita was tloss elamped, theie 
was hvpt 1 1elision Caidiac isvstole ottlined m the mtiathoiaeie pail ot the* 
opeiation in 15 instances, and aftei completion ot that pent ion ol the opeiation 
in 10 Bliion had evidence suggestive ot digitalis toxieitv and all 25 should 
mvocnidi.il nutabilits Tntiaienous piocami oi piocauio amide w.is useil as 
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an emergency measure in 14 instances. In 12 of the 25 patients, measurement 
of left ventricular end diastolic pressure was performed and showed a median 
of 20 mm. Hg and a range of 12 to 44 mm. Ilg. 

It is interesting that of 22 patients who died in the first 48 hours after 
surgery, 20 (91 per cent) showed shock as part of the death picture, and 6 
(27 per cent) showed frank congestive heart failure. (The shock and congestive 
heart failure were primary entities following surgery and not merely terminal 
events.) 

It is also interesting that all 4 immediate postoperative deaths following 
mitral commissurotomy were associated with cerebral emboli. 

Of 27 patients who died later than 48 hours after operation, 15 showed 
shock in the immediate postoperative period and 24 (89 per cent) showed frank 
congestive failure. 

CONCLUSIONS 

The data suggest that cardiac asystole, the cause of the operating room 
deaths, is associated with sudden or severe blood loss, definite periods of pre¬ 
arrest hypotension, increased myocardial irritability, and increased left ven¬ 
tricular end-diastolic pressure. The immediate postoperative deaths seem 
predominately related to post-surgical shock and to a lesser extent, frank conges¬ 
tive cardiac failure. The delayed postoperative deaths are almost invariably 
related to the presence of frank congestive failure. In most cases the shock and 
the congestive failure (not merely terminal events) were related to one or a 
combination of the following: (a) failure of the myocardium, despite good 
mechanical correction of the lesion, (b) aggravation of a pre-existing lesion, 
(c) production of a new lesion, and (d) failure to correct the mechanical lesion. 

The exact place, in the above scheme, of other factor’s, such as digitalis 
toxicity, rheumatic activity, pericarditis, and myocardial dilatation or hyper¬ 
trophy is limited by our lack of knowledge pertinent to these phenomena. Far- 
advanced tissue damage and anatomic derangements of the valves themselves, 
of the myocardium and of the pulmonary vasculature, are, at present, major 
insurmountable obstacles in the practice of cardiac surgery. 

SUMMARY 

A review of 67 consecutive closed cardiac surgical deaths, occurring over 
a 5-year period, is presented. 

Major groups consisting of patients with acquired valvular heart disease 
are compared. 

Some general correlations relating the types of cases, types of operation, 
the time intervals between significant events in the clinical course, various fac¬ 
tors appearing to have a role in the death of the patient, considerations of a 
technical nature, and all available objective data of a physiologic or of a 
pathologic character have been attempted. 

Some general conclusions are suggested. 
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Discussion 

DR. GABRIEL P. SELEY (New York, N. Y.).—I would like to mention a complication 
that we have experienced in cardiac surgery, that is, gastrointestinal bleeding, especially in 
children. This work is from the service of Dr. Baronofsky, Mount Sinai Hospital, and was 
reported in the March-April issue of the Mount Sinai Journal by Drs. Kreel and Zaroff. 

The first case was that of a 13-year-old boy who had a huge patent ductus successfully 
divided and sutured. On the fifth postoperative day lie developed massive hematemesis and 
melena. He required 2,500 c.c. of blood. Nine hours later he bled again, required another 
2,000 c.c. of blood, and about half an hour later developed evidence of massive perforation 
into the abdominal cavity and died. 

Postmortem showed an acute perforated gastrointestinal ulceration with bleeding and 
perforation as the cause of death. The patent ductus was successfully closed. 

In addition to this, there was a 14-year-old boy who had an interatrial septal defect 
closed with cardiopulmonary bypass. On the twenty-first day postoperatively he developed 
gastrointestinal bleeding and required 2,500 c.e. of blood over a period of 7 days, and finally 
recovered. X-rays showed a healed duodenal ulcer. 

The next ease was that of an 11-year-old boy with congenital aortic stenosis suc¬ 
cessfully repaired with cardiopulmonary bypass, who, on the second postoperative day, had 
massive tarry stools, required 1,000 c.c. of blood, and recovered. 

The fourth case was that of a 17-year-old girl who had an interatrial scptol defect 
successfully closed, who, on the fourth postoperative day, developed gastrointestinal bleeding 
not requiring transfusion. 

The fifth case was that of a 37-year-old man who had a right atrial tumor removed 
successfully with the use of a pump. On the seventh postoperative day, lie had 2,000 c.c. of 
gastrointestinal bleeding and he finally recovered. 

I Ye mention these cases because one should be careful to observe the patients carefully 
postoperatively, transfuse them if necessary and, if absolutely indicated, operate to stop the 
hemorrhage. 

DR. JULIO C. DAVILA (Philadelphia, Pa.)—It is our feeling, likewise, that there is 
very little to discuss in this sort of presentation. 

In undertaking this review, it was hoped that some overlooked factors, something per¬ 
haps that we have been missing in our day-to-day experience, might have turned up. As it is, 
our findings are in very general agreement with our day-to-day experience, and I am sure with 
that of most of us. They confirm that the lessons that we learn on each case are generally 
valid observations. 

Dr. Seley’s remarks about gastrointestinal bleeding aro of interest. We have not scon 
a significant incidence of this complication. I recall at the moment only 2 cases in our entire 
experience, 1 operated at a hospital other than that from which these cases arc derived. This 
patient had a resection of a left ventricular aneurysm performed by Dr. R. P. Glover and died 
on the tenth postoperative day of peptic bleeding. 

The other one, a little girl who was at Presbyterian Hospital after having surgery for 
mitral insufficiency and after having a hemorrhagic gastrointestinal problem postoperative!}', 
recovered without further complications. 

The. word this year is, “It’s the pathology that counts." This is the lesson that we. 
have -all learned in the past 10 years of cardiac surgery. We must continue our efforts to 
identify and realistically appraise this pathology and so operate on those for whom we can 
accomplish something, and save some patients, for whom we can obviously do very little, from 
the trials and tribulations of surgery. 



THE USE OF STEROIDS FOR THE CONTROL AND PREVENTION 
OF SERIOUS RESPIRATORY EMBARRASSMENT DURING 
AND AFTER INTRATHORACIC OPERATIONS 

Will C Seal), At D , W Glenn Young, Ji At D , William S' Houck, Ji , 

AID ,and C Ronald Stephen AID Din ham N C 


A n iNCHf \sing munhoi ot patients with gieatly diminished lung function aie 
seeking suigic.il tientment t'oi a canotc ot ultrathoiacie lesions The 
icspnatoij linpaiiiiient may he nppuent hefoie stugeiy, it is frequently due 
to In on Una I asthma, unphjsenia 01 a combination of both In othei patients 
demonstiating good pulinouaiv fumtion hefoie smgeiy, accidents sometimes 
happen, such as aspuatioii pmuinonitis and atelectasis that mav seuously 
nnliaiiass icspnation In still otlius an unusual fonn of lespnatoij distress 
may occui that is ehaiactenaed by mtiactable bionchospasm, tisualh pieeipi- 
tated bj peuods of hypoxia and hypocapnia This lepoit is concerned with 
our experience cvith the use of canons steionl compounds to eontiol and pre 
cent iespnatoi} cmbai 1 assnunt in 2<> such patients subjected to a canety of 
mtiathoracic opeiations 


ct cTrai cls 


The patients cceie decided into tom categones In the hist eatcgoic (Table 
1) cceie patients ccitli asthma that ccas neulj alee ays associated ccitli model 
.ltd} seceie to seceie enipliyseina These patients cceie piepaicd foi suigeic 
ccitli the steioids given in amounts ample to relieee all asthmatic wheezes if 
these ciere piesent, ecen though laige doses had to be gicen oew seceial dais’ 
tune In the postopeiatice penod the steioids cveie continued foi 2 to 7 
cceeks One patient m this gioup had had bleeding from leflux esophagitis 
associated with hiatus hernia as ecell as a history of a duodenal ulcer No 
complications oecuned m this nidicidual Tice patients cvere submitted to 
smgeiy because ot laige space consuming emphysematous cysts Iheie cceie 
no peisistent air leaks or difficulties cvith ccound healing Tcco of the patients 
had maximum bieatlnng capacities belocc 10 pei cent of iioimal A tiaeheot 
omy ccas done in all 5 of the patients cvith erophesematous cysts The follocc 
mg case lustoiy is cited as an eximple of the patients placed in this categoic 
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Table I. Group I: Control of Asthmatic Attacks With Steroids in Patients 
Submitted to a Thoracotomy 


J. Thoracic and 
Cardiovns. Surg. 



3 

4 


10 


P 

M 

F 

M 

M 

M 

M 

M 

M 


41 Hiatus hernia ; repeated Repair 
heniatemesis 1 


Asthma controlled 


60 Granuloma, of Iuik 


50 M ta«is l0be bTOnchiec ' Middle lobectomy 
10 ^tasis l0be bronchiec ‘ Middle lobectomy 


Excision of subseg- Asthma controlled 
ment of lung 


Asthma controlled 
Asthma controlled 


50 Severe emphysema; 
lung cyst 


78 Carcinoma of lung 


67 Severe emphysema; 
lung cyst 

58 Recurrent pneumo- 
thoraces 


Resection of cysts Preoperative MBC = 

28% of normal; no 
complications 

Anterior segmental Asthma controlled 

resection of upper 
lobe 


Resection of evst 


Excision of apical 
evst 


54 Rung cyst; emphysema Resection of cyst 


64 Mediastinal lympho¬ 
sarcoma 


Asthma marked; con¬ 
trolled, MBC = 64.7% 
of normal 

Asthma controlled; 

MBC = 27.6% of 
normal 

Asthma controlled ; 
preop. MBC = 56% 
of normal 


Anterior thoracotomy Asthma controlled 

and biopsy 


years. In the Hst yet the \ h U 1 T’ fr0m broncMal as<h ™ 10 

cyanosis and redraw ( istre a8throa Wre "■«***** with alarming episodes of 

oxygen. X-ray studies revealeY ’T 0 ' ,,0S P '^Uzatioim for the administration of 

which compressed more than 50 per cent f "h '• Vs0 '' lu,<nis c - yst in tl,e upper lung field 
the left. On ndmi n ./ the r,R,,t lun S- There was also a smaller cyst on 

The residual capJt^ 64 P" of normal. 

This patient ivas m-enaron f . . . ", 0 , s 4C..1. Helium clearance was 6 minutes. 

daily. During the operation and'Tor th * fi ?*! the >1Sll< iung wit, ‘ m S- of P^nisono 
of cortisone IcetL Tit^ltuv SSSST^ ^ T ^ 2 ° n 

operation, a large emphysematous cyst was removed A “f ^ 1 

operating room as a further safety measure , trac >,eotomy was performed in the 

postoperative dav Since ti>;= ™t' , “ allowed to remain m place until the sixth 

«rJL “ ™p,3: s ™ ” TVT“T- *■—— 

taper off tile dreg fc,"!?,,' f' 4 ™» «■» to gra.luell, 

entirely uneventful. P "eeks. The patient’s postoperative course was 

but thJ'cmTT' ' a " S °,T (T " l,le U) - ,he p^ients had marked emphysema, 
£rV 8,017 ° f Mthnw m °"™ ■"«<»>« of allergy. Otte 
-ea rlf ole « , “ 7“ 85 30are o£ “8». * 2 others were over 75 

“ °* a f; * tCTO1 * ' Tcre b f“ n 21 llottfs before surgery and discontinued 
after a to 21 days. In nope of the group were there any cardiovascular, pul¬ 
monary, or gastrointestinal complications following surgery. A patients his- 
tory is outlmed below to .llustrate the method of handling this group of patients. 
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Tutu II Groi l )I Pyrn Ms T11 mi n yy mi Sth oms Bffiji f \\i aitfj Si h iry 
iiuusi 01 I MIIIIST in am, Mu vmij n \c l 
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1 N1V 

f M l 

| Ill \< NOMS 

j om vi ion 
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1 

M 

SO 

t in mom i of c soph igus 

J \ploralion of 
medi istmuni 

\ ) fostop 

tnpli cations 

“ 

M 

71 

t 1 nemo tun of lung 

Stiporioi SL^nunUl 
icscction 

\ p stf ^ 

mplicati m 

5 

r 

S3 

Hiatus lu rnn, hem i 
ft me*- is 

lb pair of hernia 

J\o post >p 

c )mpl tti p 


M 

31 

rmphj semi cm mom i 
of lung 

Biops) of e tremoun 
of lung 

NfO } to 

' r 1 

* 

M 

4b 

Modi r itc unph) scina, 
carcinoma of lung 

I eft pneunionectomv 

Ni j n i 
tioi s t 

1)1 

1 "1 






nerati i 

1 1 

r, 

U 

G4 

Fmphwma, earemomn 
ol lung 

Biopsv of carcinoma 
ot lung 

Jso postop 

porupl i 


C\se 2—The patient, a wonion, ms S3 yeira of age uid hat) bail symptoms of mdiges 
tion, regurgitation of stomach content, ami heartburn for )0 years lao years before 
admission she fractured her hip anil had been bedridden since that time Because this 
condition required almost constant bed rest, her symptoms v.eie greatly aggraiated In 
a hhtion to heartburn, «ho had acute eptsoles that Mere characterized by severe epi 
gastric pain, nausea, and tonuting of coffee ground material Morphine and constant 
ispiration of the stomach uitli nn mduollmg nasogastric tube Mere necessary for relief 
In spite of the patient’s nge, it became necessary to repnu the large hiatus hernia The 
patient Mas then gnen cortisone acetate, 100 nig intramusculaily twice daily, for 3 days 
before surgery Using general anesthesia, the hiatus hernia was repaired through n left 
thoracotomy incision lollouing operation, the patient Mis continued on 200 mg of 
cortisone acetate daily for 3 days She Mas then gnen prednisone, 10 mg 4 times a day 
for 5 days After this, the steroid nns gradually reduced until Anally, after 10 days, it 
vras discontinued altogether This pntient’s postoperative course Mas not complicated by 
either respiratory, cardiovascular, or gastrointestinal symptoms 

In the third gioup ot 6 patients (Table III), the indication ioi the steioids 
was to contiol the infection that followed the spiead of secietions into the non 
opeiated lung that occurred duung anesthesia In 3, this was due to paitial 
collapse of the opeiated lung and the squeezing out of secietions into the tra 
eheobionchial tree with inadequate suction during the comse of the opeiation 
In 3, the spiead was due to tubeicnlosis, while m I it was hom eoceidioidoim 
cosis The most stiiking physical sign was piofound icspnatorv embanassment 
accompanied by many expnatoiy wheezes With the inti a venous administiation 
of 100 to 400 mg of liydiocoitisone, the ldief was diamatic m all instances 
The patient with coccidioidomycosis cyentualh died of disseminated disease 
Theie was 1 patient of the 3 yyith tubei cnlosis who died but this was not due 
to a dissemination ot the disease but to coionaiy tlnombosis The following case 
history is an example of the patients in this categoiy 

q a<3E 3 _ The patient a man, was 63 \eirs of age and h ul n suppurative lung h “ion of 

3 months’ duration duo to an unknown pvogemc organism Hus had been trinted 
oush all this tunc with antibiotics, but there “til! remained a large thick walled cavitv 
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Table III. Group III: Patients Who Received Steroids in Postoperative Period 
For Acute Disseminated Bronchopneumonia 


NO. 

J SEX 

( AGE 

| DIAGNOSIS 

1 OPERATION 

j COMMENT 

1 

M 

71 

Coccidioidomycosis 

Exploration for car¬ 
cinoma of lung 

Died 3 weeks postop. of 
disseminated infection 

2 

M 

56 

Pulmonary tuberculosis 

Excision of superior 
segment 

Died 10 clays postop. 
from coronary occlusion 

3 

M 

4G 

Pulmonary tuberculosis 

Segmental resection 

Recovery 

4 

E 

GO 

Pulmonary tuberculosis 

Segmental resection 

Recovery 

5 

M 

G3 

Pyogenic abscess 

Right middle anil 
upper lobectomy 

Recovery 

G 

M 

50 

Pulmonary tuberculosis 

Upper lobectomy 

Recovery 


The question of carcinoma was not completely resolved, so excision was undertaken. At 
operation, a large abscess involving the right upper and middle lobe was removed. It 
was noted immediately after operation that the patient was in marked respiratory dis¬ 
tress and that he did not improve in spite of frequent, aspirations and positive pressure 
oxygen. He was noted to show extreme expiratory effort and loud expiratory wheezes 
were audible. A tracheotomy was then performed, but this resulted in only slight im¬ 
provement. Because of continued respiratory distress and cyanosis, he was given an 
infection of 200 mg. of hydrocortisone intravenously and then given 200 mg. more in an 
intravenous drip over the next 12 hours. This resulted hi immediate and dramatic im¬ 
provement in the patient’s respiratory symptoms. All of the expiratory wheezes disap¬ 
peared, and the cyanosis showed gradual improvement over the next 2 hours. After the 
first 12 hours, the patient was carried on intramuscular cortisone acetate, 100 mg. twice 
daily, and, after the seventh day, this was gradually withdrawn until he was off steroids 
entirely at the end of 2 weeks. Erythromycin, 1 Gin., and 1,000,000 units of penicillin 
were given each day. The patient made an uneventful recovery in spite of the fact that 
x-ray studies showed diffuse bronchopneumonia throughout the unoperated side. This con¬ 
dition eventually cleared completely, and there was no residual infection or disease in 
either the operated or unoperated lung. 

In the fourth group (Table IV) were patients who developed severe 
bronchospasm either during surgery or in the early postoperative period. 
These patients denied ever having had asthma. In 2 instances, the onset of 
the expiratory obstruction occurred more than 48 hours after surgery and 
was associated with proved respiratory acidosis. In both instances Ihc bron¬ 
chospasm could not be corrected with aminophyllin and epinephrine, but it 
did respond to large doses of intravenous steroids. As soon as the broncho¬ 
spasm was corrected, the blood gas and pll studies returned to more normal 
levels, and the other signs of respiratory acidosis, such as clouded sensorium, 
unconsciousness, and arterial hypotension, disappeared. In one instance, Ihc 
initiating factor was inadequate ventilation which prevented the unoperated 
lung from being adequately aerated. The bronchospasm developed during the 
time of surgery. In spite of the fact that the position of the endotracheal 
tube was corrected and the chest was closed, the persistent bronchospasm was 
not relieved until 400 mg. of hydrocortisone was administered intravenously. 
In another instance the patient had a large intrathoraeic tumor that inter- 
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feicd 'uitli \entjlation TJjjs was followed In lumichospism th il u is t \ 
lccted by the mil nocuous admmistiatton of 200 mg ol hydiocoilism f Ok 
patient, who had tin hosts oi the Inti c\tntuilh smuimbid It n In i 
i«uluiP The follow ill" summon is nn example oi the < mj>l wmntot Htiso < 
m this gi oup o£ patients 


TabipXA OioipIV Pvrir\TS Tfevti r>'W ith STrrows in Pusi u ut f i r 
Dtnr\o Or fi* itiov. Brcuisr of Vcitf Rrspir\Tor\ F'tn r 
A ssort in d With Intpui vwi Bio\(Uosf\svi 


NO 

| fif\ 

| Aor 

| WACNOSIS 

| OI FI VTION 

T~ 

1 

M 

42 

Esophageal varices, 
i irriiosis of liver 

Ligation of csophag 
oal varices 

Respir ir> Jo 

days p j t 

died 2*s 1 1 

liver fuluie 


M 

40 

Hiatus hiinia iccnrrpnt 

\ttempbd icpair, 
m ilphire 1 on do 
tiucheal tube 

Intense bronebos/j 
only relieved bv *0Q 
mg of I\ cortisone; 
iicovery 

1 

AI 

5 1 ! 

( arcinoma of lung 

Pniumoneetoniy 

Respiratory acidosis, 
ucover} 

4 

Ar 

62 

Oircinoma of lung 

Bmpsv of earemom i 
ot lung 

Broneho-pasm, relieved 
in 0 7’ by 200 mg 

I\ coitisone 


Casf 1—Xlic patient nns a 43ycirold white min admittul to the hospit il with i his 
tory of repented gistromtestin il huuoirhagos tint hul 1 egim sudlcnlv 3 wcels Itfoit 
Pin illj after 1 week of obseri xtion in Ins local hospit 0 the abdomen iras explored in n 
possible bleeding peptic ulcer At tlus tunc the stomach mil duodenum weio norinil, but tie 
{ vtient mq<i found to have marked cirrhosis of the li\er A balloon tampon w is passed 
into the esophagus and stomach, and the hemorrhage was then w ell controlled Aftci 1 
dais, it -was removed, but the hemorrh ige recurred, and for this reason the patient u«« 
transferred to Duke Hospital with the tampon still in place Vfttr the nl donunil opus 
tinn, a trichcotomy had been done Twelve boms after admission to Dale Hospital, i 
left thoracotoini w is carried out with exploration of the esophagus and infra t. ophngeal 
ligation of esophnge il varices lhe lesponsc to surgery was s itisfactorv i sjife i t It 
fact tlmt he had had a previous abdominal operation, was markedly ovtrvv eight uni 
was luterisch jaundiced On the seventh day after operation, he -was noted to bo m 

lomitoso but without evidenco of recuncnt bleeding and with no obvious deterioration m liwr 
function On exaiuinition ot the chest, breath sounds were quite distant except for very 
faint expiratory wlicere* It was suspected that he hid respnatorj acidosis Arteri il 
c irbon dioxide tension was found to be 101 mm of mercury Iho pH w is 7 32 iml 
oxygen saturation w is S2 per cent Artificial \entilation with a mechanic il ventilator 
through a cuffed endotracheal tube was started and 200 mg of hydrocortisone grim m 1 
dose mtraienouslv with another 200 mg allowed to drip in slowly In the next 24 hours 
the patient’s sensouum cleared m irkedly and breath sounds became more normal, al 
though it was of interest that, ns t)ie ventilation became moie effective, more pxpirntorv 
wheezes could be heard After 24 horns, ventilation was excellent and tit rcspiritorv 
wheezes had disappeared Iht arteri il pCO had diminished to 77 L rnw of mercim with 
a pH of 7 °5 and m oxygen saturation of 100 per cent ^ix davs later the findings were 
further improved the pCO, being 70 and the pH 7 30 Cortisone tin* eon turned for 10 
more days being tapered off in the latter part of this period until it tl e end of tf is turn 
no more steroids were administered 11 c patient, however, succumbed 0 wciks liter from 
progressive liver insufficiency 
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| SEX 

| AGE 

1 

i 

M 

71 

Coccidi 

2 

M 

56 

Pulmoiu 

3 

M 

46 

Pulmonai 

4 

F 

60 

Pulmoimn 

5 

M 

63 

Pyogenic a 

6 

hi 

50 

Pulmonary 1 
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The question of carcinoma was 
operation, a large abscess invol choMT 

was noted immediately after op< 
tress and that he did not improi 
oxygen. He was noted to show 
were audible. A tiaeheotomv was 
provement. Because of continued v- 

injection of 200 mg. of hydrocortisi 
intravenous drip o\ ev the next 12 . 
provement in the patient’s lespirato 
peared, and the cyanosis showed gra> £ 

first 12 hours, the patient was canie 
daily, and, after the seventh day. this 
entirely at the end of 2 weeks. Eiyt 
were given each day. The patient ma< 
x-ray studies sliownl diffuse bioncliopne 
dition eventually denied completely, ai 
either the operated or unoperated lung. 

In the fourth group (Table 1 
bronchospasm either during surger 
These patients denied ever having h 
the expiratory obstruction occurred 
was associated with proved respirato 
ehospasm could not lie corrected wit 
did respond to large doses of intravo 
spasm was corrected, the blood gas ai 
levels, and the other signs of respirat< 
unconsciousness, and arterial hvpotens 
initiating factor was inadequate ventii 
lung from being adequately aerated. r J 
time of surgery. In spite of the fact 
tube was corrected and the chest was a 
not relieved until 400 mg. of liydrocort 
In another instance the patient had a 
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may result in. bionchospasm, and our excellence indicates that respnatoiy 
acidosis cannot be relieved until the bionchospasm is contiolled. 

The steioids also have a beneficial nonspecific effect that is difficult to 
pinpoint but does allow suppoit to the debilitated patient As a result of 
our favorable expeiience with the patients in this study who weie debilitated, 
we have extended the use of steioids to moie and more poor-iislc patients 
The sense of veil being, the lack of lespiintory complications, and the control 
of fever have made this drug a most valuable adpmet to suigery of the chest 
in the aged and debilitated 

Thcie aie ceitmn toxic effects of steioids that hare to be considciod, and 
it lias been this feai pi 1 haps, that has presented the moie widespiead use of 
these diugs in suigerx The piincipal complications come fiom prolonged 
usage Administeii d mu a few dajs’ time, as in the nonasthmatics of oui 
gioup, theie is veri little chance that tlieie uill be a significant i eduction in 
the icsistance to mtectmn m a significant effect on uound healing” It is also 
of great interest tli it vheie theie has been acute tubeiculous pneumonia, the 
steroids hare scivid to tide the patient ovci foi a few days and they have 
not, in our opinion mtofeied with the eontiol of the infection with appio 
priate antibiotics 

No gastiointestin il bleeding has oecuned in any of the patients, in spite 
of the fact that main patients veie emphjsematons and some had a piewons 
histoiy of pastiointeslmal bleeding To 1 educe the possibility of peptic ulcer¬ 
ation, the stomach was ispiiatcd after operation, and this was continued until 
good gastrointestinal function leturned 

Theie have been no significant eleetiolyle distuibances except in those 
patients who alicadj had lespiiatoiy acidosis, and this has tended to be coi- 
rected as the icspuaton acidosis has been lclicved Daily electrolyte studies 
have been clone on most of these patients in the postopei ative period 

Based on oui expeiience we non use steioids in the preopeiative, opera¬ 
tive, and postopei ative penods in known asthmatics In patients who have 
poor pulmonaiy reserve the steioids aie always used as a pieventative In 
eldeilv patients who, m addition to moderate emphysema, frequently have a 
moderate amount of debility, the help of steioids is used to cany them 
tluough operation 

Wlieie maikcd bionchospasm develops duiing the com sc of the operation, 
such as we have noted in lcspnatory acidosis, mtiavcnous steroids aie given 
until the bionchospasm is collected and good ventilation is obtained In acute 
lcspiiatorv emergencies, vheie theie is disseminated spotty atelectasis and 
bioneliopneumonia, large doses of steioids aie given intravenously along with 
appropiinte antibiotics 

sii-viuarv 

The expeiience with 2G patients given steioids foi eithei picvcntioil or 
eontiol of respiiatoiy impaiiment aftet thoiacotomy is levievved In none of 
the patients have complications occmred from the steroid therapy. In some, 
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with serious respiratory embarrassment, elective operations have been made 
possible by the prophylactic use of steroids. In others, who developed acute 
diffuse bronchopneumonia after operation or who developed respiratory acido¬ 
sis with bronchospasm, it is believed that the steroids have been lifesaving. 
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MALIGNANT TUMORS INVOLVING THE CHEST WALL 
Ellon Watkins, ji , Al D, and Fiankl)ii P Geniul, AI D ,* Boston, Alass 


A s the genus u, pub in. Inis become inci easing!} awaie ot the importance ot 
eaily diagnosis oi i mui, ,m mu easing iniinbei ot patients with chest wall 
Illinois have conn. to tins dime toi tieatinciit Dining the jieuod 1938 to 195S, 
a total of 339 patients wen seen In 302 of these cases, the masses lepiesented 
benign glow tbs, including new, lipomas, exostoses, and so foitli, but in 36 m 
stances the tunioi was malignant In one othei case the initial histologic diag 
nosis was osteogenic sanonii ot lib, but aftei tuithci biopsi stud}, the diagnosis 
of benign giant cdl uunoi ot the bone was made This case is included to 
indicate the piobknib min lent m the diagnosis oi these tumois 

In addition to the usual giowths of mesenchimal oiigm mioliing the 
somatic soft tissues ot tin tlioiacie wall, we haic included melanomas and meso 
tlieliomns which imaded suit tissue and a \aneti of bone tumois which, of 
necessit}, had to be diffaentiatcd fiom soit tissue lesions bi caieful loontgen 
and biopsi stud} Although the eliaiactcusties of such a conglomerate gioup 
of tumors vary tonsideiabh icitain clinical featmes aie common to all, and 
this lendeis piecise diagnosis impossible without caieful loentgenologic and 
histologic stud} Despite the \auing cellulai ougins of these masses, tieat 
ment does not vaiy gieatl}, wide excision and selected radiation theiapi aie 
utilized in most cases 

As is common in suive}s ot tins type , 1 1 the cell t}pes x al led so xxidelx that 
the numbei of patients in the senes with a tumoi of one t}pe was small, and 
oxei all smvixal figuies aie thus meaningless The xenons cell types til 
counteied, togetliei with follow up lesults m each case, aie piesented in Tig 1 

AGE AND SEX DISTRIBUIION 

The median age of a patient at the tunc ot initial diagnosis langcd fiom 
40 to 49 sears with extiemex of age fiom 14 to G9 }cars (Tig 2) O 11 I 3 2 

patients weie luidei the age of 20 The senes included 25 men and 12 women 
No connection between the dexclopment of tliorieic tumois, and occupation 01 
co existing disease was appaieiit 

From the Department of Surgei} The Lahe\ Clinic Boston Mass 
Receive 1 for publication June If UT9 
•Fellow in Surgery The Lahej Clinic Boston 
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SYMPTOMS 

The appearance of a painless mass on the thoracic wall was the most com¬ 
mon reason for a patient to seek medical attention, being the cause of initial 
complaint in 20 of the 37 patients. Pain was apparently a later symptom, but 
was the initial complaint in 13 patients. Miscellaneous causes for seeking 



medical attention included shortness of breath in 2 patients with pleura en¬ 
croachment, cough in 1 patient, and change of growth characteristics in a mole 
indicating the development of malignant melanoma in another instance. It 
would appear that, in general, the longer a symptom was present before opera¬ 
tion, the longer that patient survived after treatment—suggesting that such 
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ttimois glow slowh and weie Jess Jjkeli to extend eailj bei ond the confines 
suitable foi adequate smgical ot mdi.ition thciap) Jn 3 cases, the develop 
ment of a eliest wall tumoi was piecedcd b\ the development of an uni elated 
malignant lesion appealing vcais befoie the onset of the disease m the tlioiaeie 
"all A biologic tendency to the deiclopinuit ol malignant disease mav have 
been picsent m these cases 

uuiMim mvoxosts ornn vtvss 

Since a painless lump was the most common piesentmg complaint, phvsital 
examination usttalh sufficed to establish the fact that a tmuoi was picsent but 
histologic examination was essential befoie an effective thciapcutic plan could 
be humiliated Vehcthei histologic diagnosis was established bv studv of an 
musional luopsi specimen oi In block excision was governed In the si?c of the 
lesion, the (Initial ttatmes mdieatne of the possible tell tvpe, and the genual 



tO-19 20 25 30 39 4 0 4 9 5 0 59 60 69 TO 79 
AGE DISTRIBUTION 
Figr 2—Ago distribution 


physical condition of the patient Since ladical smgical excision is the most 
satisfactoir thciapcutic method m the maiout) of these eases, out effbitx line 
been dneeted clneil.i towaul piepaiation of patients foi initial ladical excision, 
biopsj stud} has been inserted foi the tew questionable lesions ot iaige si/e in 
icfiaetoiih debilitated patients with metastases oi foi those patients who iingld 
ho expected to dome maximum benefit fiom an initial course of two million 
volt radiation theiapj 

Befoie an) smgical piocedme is undcitaken, be it biopsy oi excision, a 
locntgcnogiam of the chest should be made Purtlici radiogiaphie studies max 
be lequucd to rule out the piesence of a metastatic piocess 

Rapid fio/en miciosection is o| limited xaluc m these cases because of (lie 
subtleties of histologic diagnosis, and because hone and caitilage elements so 
tiequentl) pieeludc this method of tissue sectioning All biops) incisions aie 
closed meticulously It is doubtful that a del u foi paiaffin mierosection intio 
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duces an appreciable hazard of metastasis, since any subsequent excision of a 
radical nature would encompass the entire area of biopsy. We have not used 
needle aspiration biopsy, preferring to have the greater bulk of tissue obtained 
by incisional biopsies available for study. 

MICROSCOPIC CLASSIFICATION 

In most of the groups, the definition of cell type follows a conventional 
type of classification. However, the fibrosarcomas have been divided into a 
somatic group, representing those tumors obviously arising from the fibrous 
components of muscle and connective tissue, and a neurogenic fibrosarcoma 
group, representing tumors arising from the stromal elements of nerves. The 
latter group has been classified by other pathologists as representing sarcomatous 
change within the neurilemmal sheath, and hence the term “neurilemmoma” has 
been applied to such lesions. 

The undifferentiated sarcoma group either presented such an anaplastic 
picture that the origin of the characteristic cell type could not be determined, 
or represented highly malignant growths in which areas of different types of 
sarcomatous degeneration could be found (for example, anaplastic tumors con¬ 
taining elements of liposarcoma and fibrosarcoma). We believe that such un¬ 
differentiated sarcomas represent anaplastic lesions with mnltipotential growth 
characteristics. 


MANAGEMENT 

Every attempt has been made to obtain a wide block excision of the primary 
growth at the time of operation. Such excisions frequently required the re¬ 
moval of segments of ribs, costal cartilages, or sternum, either because of deep 
invasion of the more superficial tumors or because the tumor arose directly 
from these structures. In no instance was amputation of the shoulder girdle 
required. 

Local recurrence was frequent in the various groups, particularly when 
the initial excision elsewhere had been patently inadequate. In a number of 
such cases, re-excision was possible and added appreciably to the survival time. 
Two patients in the fibrosarcoma group were submitted to re-excisions over a 
period of 2 to 4 years, and 1 of these is still living 2 years following a second 
excision for recurrence. A number of the block excisions involved the excision 
of multiple ribs and intercostal bundles. Prior to 1950, no attempt was made 
to apply struts or supports into the resulting extensive defect in these eases. 
Oddly enough, lung herniation did not appear to he a problem. 

A small lump in a healthy, young patient would be considered favorable 
for complete eradication by excision biopsy with a generous margin of normal 
tissue, whereas large masses encroaching on thoracic viscera in a patient in poor 
physical condition would be sectioned for biopsy study during preparation of 
the patient for definitive excision, radiation therapy, or both. 

The major error that arises in the management of these tumors, as in most 
mesenchymal tumors of the somatic soft parts, results from failure to make a 
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Fig 3 —Undifferentiate d sarcoma. Plcomorphism of cell elements and lack of character* 
istic architecture Indicate the difficult! encountered in attempting to classify this type or 
tumor (Hematoxjlln and eosln, X125, reduced *6) 

rig 4—Fibrosarcoma, somatic tjpe Proliferating fibroblasts show Irregular whorls 
without the palisade alignment characteristic of the neurogenic tspc (Hcmatoxjlin and eosln; 
XI25 , reduced # ) 
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Fis. 5.—Chondrosarcoma. Characteristic distortion of cellular elements. (Hematoxylin and 

eosin ; xXOO ; reduced (A) 



Pig-. 6.—Neurogenic fibrosarcoma. This tumor is typified by the palisading arrangement 
of the fibroblasts which are thought to arise from the fibrous elements of nerve sheaths. (He¬ 
matoxylin and eosin; X125; reduced %.) 
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Fip 7—Posteroanterior (a) and right lateral ( b) views in 62 jear-old man showing 
chondrosarcoma of costal cartilage Mass was excised bj block oxcision of ribs G 7 8 and 
9, lower sternum and segment of diaphragm 



Pig S—Lateral 'lew showing chondrosarcoma of sternum Manubrium upper two 
thirds of body of sternum medial half of each clavicle and anterior segments of ribs l. - 
and 3 were later excised en bloc to ierno\e mass 
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sufficiently Aide excision at the initial operation. The thoracic wall presents 
certain problems in the excision of complete muscle bundles, in view of the 
broad origin of the peetoralis major muscle anteriorly and resultant hesitation 
concerning excision of the entire muscle when this is involved by tumor. More¬ 
over, the surgeon is reluctant to create large thoracic defects for fear of 
jeopardizing the patient s welfare in the immediate postoperative period by the 
creation of ventilatory insufficiency. This conservatism may result in unneces¬ 
sary recurrence of tumor masses, and re-excisions in such areas are extremely 
difficult. It should be emphasized that wide primary excision is feasible and 



Fig:. 9.—Posteroanterior roentgenogram made on sixth postoperative day, following excision of 
sternum, clavicle, and ribs as described in Fig. 8. 

safe when applied to the thoracic wall. It should be possible to restore the 
integrity of the chest wall with suitable periosteal strips, autogenous bone grafts 
or temporary external supports but, even if this is not feasible, the body has a 
remarkable ability to adapt to extensive bony defects of the thoracic cage. This 
is strikingly illustrated in the following case report. 

REPORT OF CASE 

A 34-year-old mechanic first came to the clinic in 1951. He complained of a mass 
below the clavicle, which had been increasing in size for a period of 3 months before 
admission. Radical excision of tliis mass—a chondrosarcoma of the second costal cartilage 
_ was ca rried out the same year. The manubrium of the sternum was removed in con¬ 
tinuity with the upper two thirds of the body of the sternum, the medial half of each 
clavicle, and anterior segments of the first, second, and third ribs on eaeli side. Severe 
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respirator) difficult) followed tlus operation as i result of paradoxical motion of tlie flail 
cliest wall This was treated onh b) a tight dressing and tracheobronchial cathctci 
aspiration, although at the present time we would fa\or more \igorous therap\ each a 
external fixation and earh traclicostonn \pproxnn iteh 500 c c of serous material w t* 
rcmo\ed from the wound but the patient was well on the road to ieco\er\ In the twenty 
second postoperatn e da\ B) the sixth week after operation the flail area of tht thorn i 
w ill was appnrenth stable Sixteen months aftei operation, the patient was lost to follow 
up During the follow up period, lie showed no o\idenrc of tumor ltcurrence howe\et 

The first information mo had concerning the patients abihlj to peitoim 
Moik folloning this extensive lescction Mas obtained in a lcttei iceeivtd b tens 
after opeiatiou, in the couise ot piepaiation of this manuscript bmeo it nidi 
cates bcttei than ail} technical desenption the end lesnlt obt<uncd without the 
use of stntts, we have published the lettei line m its entnet} 

Dcai Doetoi 

In lcgaul to tom letter concerning mt opeiation about si\ tears 
ago, I had to he teij eaicful about stiaming mt chest Standing up 
right I could do a noimnl daj’s woik, but if I had to lie undei a ti uck 
and lift anything ttlnle on mi back I Mould be useless Standing to 
put my hands behind mt head Mas uncomfoitable and at times pain 
ful 

About a jeai oi so ago, I tins under a track, it slipped off the jack 
and pinned me on the uppci pait of my chest within 6 inches of the 
floot I lost about two weeks’ woik and then discoteicd as I legained 
my stiength that I could put mt hands behind mt head, 01 be on the 
floot and lift heat} obiects without discomfort 

The last toai I have been ditvmg a motoicjcle, it does not affect 
me in an} tva} Mt occupation is a track mechanic—heav} equipment, 
and I now weigh about 180 pounds The lcmainmg effect fiom the 
opeiation, I beliete, is pool cnculation m the aims when I go to bed at 
night only, I toss and turn a lot dm mg the night 

Although this t}pc of physiotherapy (compiossion of the chest wall In a 
track) is not recommended, it senes to indicate the ability of this patient to 
engage m active laboi without discomfort 01 mcapacit} following radical cx 
eision of a malignant tnmoi in the fhoiacie wall 

RlUIlTION THUltl’l 

Since 1051, we have utilized two million volt x laj theiap} as an ancillan 
mcasuio to wide block excision The usual tissue dose is 7,500 i In the ah 
sence of distant metastases, suigical excision was the pnmai y toim of ticatment 
Postoperative ladiation tlieiapy is lcscrvcd foi those cases m which excision 
is incomplete because of extension into the vcitcbial bodies, spinal canal, lieait, 
and other vital aieas In the piesence of lecmienccs, a numbei of le excisions 
might bo attempted befoic ladiation is employed In the piesence of distant 
metastases, surgical excision would be piefeiable to radiation tliciapv onh it 
an emeigency piolilem of vcntilatoi} meclmnics indicated that excision might 
possibl} expedite disease contiol and piolong life 



Table I. Summary of Cases 


CASE 

1 AGE 
AND 
| SEX 

INITIAL 
COMPLAINT; 
PERIOD TO 

OPERATION 

TYPE OF OPERATION 

! 

j 

POSTOPERATIVE | 
THERAPY j 

FOLLOW-UP 

REPORT 




Chondrosarcoma 



1 

34 

Lump 

Block excision, manubrium, 

None 

Living and well 


M 

4 mo. 

body of sternum, medial 


8 yr. 




clavicles, ribs 1, 2, and 3 



2 

31 

Pain 

Excisions of ribs 4 and 5 and 

7,500 r 2 mev. 

Living with dis- 


F 

36 mo. 

spinal canal extension D„- 


ease 6 vr. 




L. 



3 

70 

Lump 

Block excision, ribs 7, 8, and 

None 

Living and well 


M 

1 mo. 

9 


1 yr. 

4 

62 

Lump 

Block excision, ribs 6 through 


Living and well 


M 

4 mo. 

9, sternum, diaphragm 


4 mo. 

5 

47 

Lump 

Block excisions, multiple, of 

7,500 r 2 mev. 

Died of disease 


M 

24 mo. 

ribs 5 and 6. and 7, S, 


3 yr. 




and 9 



G 

49 

Lump 

Block excision, rib 9 

7,500 r 2 mev. 

Died of disease 


M 

12 mo. 



1 yr. 

7 

56 

Lump 

Excision, loft breast, chest 

None 

Died of disease 


F 

6 mo. 

wall, left lung tissue 


7 mo. 




Malignant Melanoma 



8 

47 

Mole 

Multiple local re-excisions 2 

None 

Living and well 


M 


yr., soft tissues 


2 yr. 

9 

45 

Lump 

Multiple block excisions 5 

None 

Died of disease 


M 

12 mo. 

yr., soft tissues 


7 yr. 

10 

40 

Lump 

Block excisions; supra- 

None 

Died of disease 


F 

5 mo. 

clavicular node biopsy 2 yr. 


3 yr. 

11 

61 

Mole 

Excision, soft tissue 


Died of disease 


F 




1 yr. 

12 

36 

Pain 

Block excision ribs 2 and 3 


Died of disease 


M 

6 mo. 



4 mo. 

13 

67 

Lump 

Block excisions, soft tissues 

None 

Kecurrence in 2 


it 

1 mo. 



mo.; lost to 






follow-up 




Neurogenic Fibrosarcoma 


14 

58 

Pain 

Excision of mass, intercostal 

None 

Well 2 yr. 


M 

1 yr. 

muscle 



15 

4S 

Lump 

Block excision of mass and 

None 

Died 19 yr., with- 


M 

6 vr. 

intercostal muscle 


out recurrent 






disease 

16 

6S 

Lump 

Block excision, rib 9 None 

Died 19 yr., with- 


F 

1 



out recurrent 






disease 

17 

57 

Lump 

Multiple re-excisions, None 

Died of disease 


m 

4 mo. 

pectoralis muscle 


2 yr. 

18 

50 

Lump 

Multiple excisions, rib 6; None 

Lost to follow-up 


M 


ribs 4 through 9; excision 


2 yr. 




of recurrence 




■Somatic Fibrosarcoma 


19 

44 

Pain 


F 

18 mo. 

20 

40 

Lump 


M 

3 

21 

65 

<Pain 


Bloek excision of ribs S 
and 9 

Block excision; re-excision at 
2 years; ribs 1 through 4 

Biopsy of rib G 


Living and well 
30 yr. 

7,500 r 2 mev. Living and well 
4 yr. 

7,500 r 2 mev. Died of disease 
1 yr. 
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SURVIVAL, 

Of tlie 37 patients in our series, 22 are dead, 10 are living, and 5 have been 
lost to follow-up (see Fig. 1). Of the 22 deaths, 20 were caused by the disease. 
Two patients lived 19 years after operation and died free of disease. In both 
of these cases, the original procedure was a block excision of a neurogenic fibro¬ 
sarcoma, and further surgery was not required. 

The 10 survivors are all well (the longest for 10 years) with one exception. 
The latter patient has metastatic disease from a chondrosarcoma and is failing. 
Two of the 5 patients lost to follow-up were known to be free of disease for 2 
years. Although it might be reasonably safe to assume that they are still free 
of disease it is impossible to predict with any certainty what period of time can 
be considered “safe” in terms of cure; the underlying nature of the disease is 
the determining factor in this regard. 

As we have stated previously the variety of cell types encountered and the 
number of eases involved in this series make analyses of survival of the ovei'-all 
group relatively meaningless. Prediction of survival in any particular cell type 
is impossible. 

SUMMARY 

i 

Between 1938 and 1958 a total of 339 patients with tumors of the thoracic 
wall have been seen at this clinic. In 303 of these patients the tumor was 
benign, but in 36 instances a malignant tumor was encountered. In addition 
to the sarcomas arising from the fibrous tissue or nerve elements of the thoracic 
wall, malignant melanomas and mesotheliomas presenting problems in manage¬ 
ment by involvement of deep structures of the thoracic wall were included, as 
well as a number of tumors of heterogeneous types which also presented problems 
in management because of their size or invasive tendencies. 

Although the variety of cell types encountered in this group of 36 patients 
was so great as to preclude a statistically significant number of patients in any 
one category, it would appear that the chondrosarcomas and somatic fibro¬ 
sarcomas were most amenable to treatment. 

The initial presenting symptom was the appearance of a painless swelling 
on the thoracic wall; this was the cause for complaint in 20 of the 36 patients. 

In most instances histologic diagnosis was established at the time of wide 
block excision of the mass. Incisional biopsy was reserved for the few question¬ 
able lesions of large size which were found in debilitated patients or patients 
with metastases. 

At the present time, roentgen therapy, using a two million volt generator, 
is reserved for patients in whom distant metastasis is present, those in whom the 
disease was incompletely excised at the time of maximal radical surgery, ex¬ 
tremely debilitated patients, and patients in whom a number of recurrences 
have been managed by re-excision. 

In several instances, the local recurrence of tumors was managed by repeat 
excision, and these patients lived for several years following such procedures. 
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Patients with lccuuent disease should not be abandoned but should be giten 
o\cii chance m mow ot the evidence, m a few instances heie, that le excision of 
leminent tumors lnaj lcsult in a continuation of aetiie lile otei a penod ot 
icais 

Although the pinsiciiin initially tieitmg tliLse lesions sitigicalh max 
hesitate to excise a segment of thoiaeie wall wide enough to medicate the tumoi 
Adequately, om cxpcnence indicates that consenatism in the extent oi the le 
section is likely to lead to lccimenec, and that such lccimuit disoise poses 
additional pioblems at the time ot ic excision At this time we aie inclined to 
utilize the \aiious techniques desenbed ioi maintaining the mtegnti ot the 
chest wall In the use of lib stmts, penosteal stnps, oi external hxation A 
numbei ot patients eailx in the senes who did not h.ue such suppoit, lioweni 
weie able to aequiie stability of the thoiaeie wall enh, and went on to lead 
pioductne lues To us, the cnot seems gieatci in the lack of adequate excision 
than in the tication ot xcntilaton msuflh lentt tollowmg wide excisions m the 
thoiaeie wall 
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SURGICAL TREATMENT OF AORTICOPULMONARY FISTULA 
SECONDARY TO AORTIC ARCH ANEURYSM 

Report of Successful Case 

James W . Giacobine, M.D., and Demon A. Cooley, M.D., Houston, Texas 


A neurysm of the aortic arch is a serious disease which usually leads to death 
less than one year after the onset of symptoms.® In most instances the 
grave prognosis results from the tendency for aneurysms to encroach upon 
adjacent structures in the mediastinum frequently leading to rapture of the 
lesion with fatal hemorrhage. Perforation into the respiratory passages is 
apparently more frequent than rupture into vascular structures such as the 
vena eaval system or pulmonary artery. In 1812, Wells 20 reported the first 
case of rapture of an arch aneurysm of syphilitic origin into the pulmonary 
artery producing an aorticopulmonary communication, and since that time a 
total of approximately 90 cases have been recorded. Thus, although the 
majority of syphilitic aneurysms occur in the ascending aorta where they are 
in intimate relationship with the pulmonary artery, it is interesting that 
rupture into the lesser circulation occurs in only 3 to 4 per cent of cases. 1 

Since Nicholson’s 10 complete review of this subject in 1943, antemortem 
diagnosis of acquired aorticopulmonary fistula, secondary to aortic aneurysm, 
has become increasingly accurate as evidenced by the correct diagnosis in S 
of the last 10 reported cases. 2 * 4 ’ 10 ’ 12> 13,15 ’ 10 Onset of this complication is 
usually acute, with extreme dyspnea, cough, and precordial pain. Less com¬ 
monly, the patient may remain relatively asymptomatic complaining only of 
mild dyspnea or precordial discomfort. The size of the fistula produced prob¬ 
ably determines the severity of symptoms and clinical course. Although sur¬ 
vival of 4 years has been reported in one case, 21 the general prognosis is poor, 
with survival averaging between 6 weeks and 4 months, 5 with death resulting 
from progressive right heart and subsequent left heart failure. 11 ’ 17 > 18 

After fistulization occurs, the anticipated signs of a shunt between the 
greater and lesser circulation occur. Pulse pressure widens and a water- 
hammer pulse becomes prominent. A thrill is often palpable over the pulmonic 
area of the preeordium, and a continuous macliinery-like murmur with systolic 
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accentuation is hcaid m the same location liocntgcnogiams ami fluoioscopj 
ie\ eal the ancuiysm -with 01 ciactn c puls it ions in the pulmonary ai terms The 
electioeauliogi.im usualh icvcals light ,i\is ch nation and nght icntnculni 
hjpeitiophj an liitciestmg (outlast to the left lieait stiain «hi<h oiems m 
the phjsiologicalh similai patent dii( tus ai tci losns 

Among the explanations foi this paiadoxual finding is the concept that 
longstanding compiession of the pulmon.iij aitcn, puoi to uiptuu of the 
ancuiysm, pioduccs mci eased lesistanee to lentiieulat out (low wlneh lesnlts 
in light sided In pertiopliy "While differential diagnoses intitule patent ductus 
aitenosus, congenital aoiticopulmonaij fistula, and iuptuio of the sinus of 
Valsaha, the most fiequent meonect diagnosis is thoiaeic aoitic aiuimsm 
with aoitic insufficiency, m which the age gioup, etiology, plnsical signs, and 
x iaj findings may he \eiy similar to those of the smellomc nndei eonsideiation 

Although excision of thoiaeic mieurjsms has hccomo an accepted foirn of 
theiapt dm mg the past S eeais lcpan of acquncd aoiticopulmonaij fistula 
has not been undertaken until lcccnth In two iccoidcd attempts at suigical 
collection, one patient sunned cxploiation only and the otlici died of 
ventricular fihi illation during attempted icmoial 10 In both instances, the 
suigeon stated that the extensne inflammatoi v leaetion between the aneuiysm 
and pulmonaiy artery made repau of the fistula technically impossible He 
cently, wo successfully lepaned an acquncd aoiticopulmonaij fistula which we 
belies e is the first successful ease of its t\ pe 

CASE REPOHT 

J P, a 45 3 ear old white man, was admitted to Methodist Hospital on Nov 
for treatment of an aoTtic anevmsm with suspected aortic msufticicncv Nine 3 ear's 
previously hoarseness had appeared suddenl 3 and he had received penicillin thorap 3 for 
S 3 phihs fwo vears later he noted a sudden onset of weal ness and paresthesia with 
swelling of his loft arm These s 3 mptoms abated somowhat after a week, but venous 
distention of the extronutv persisted Excessive activity resulted in recurrent swelling 
of this arm During the G months prior to admission, a dull aching substemal and lower 
left chest pain was noted together with progressive dvspnea Several months prior to 
admission he had developed a productive cough and chest pain and was treated un 
succcssfull} with antibiotics He was referred for surgical evaluation with a diagnosis 
of syphilitic thoracic aortic ancur 3 sm with aortic lnsufticioncj 

Positive plnsical findings on examination included a blood pressure of 155/45 mm 
ITg in the nght arm and 100/40 mm Hg in the left arm Pupils reacted to light and on 
accommodation A tracheal tug was present Prominent distention of the superficial veins 
of the left arm, shoulder, and left pectoral region was evident but was not accompanied 
b 3 venous pulse or increased shm temperature The heart was enlarged to the left A 
continuous murmur with s 3 stolic accentuation localized m the left second and third 
interspaces was noted, and peripheral pulses were water hammer m t>pe 

Usual laborator} studies were within normal limits except for a positive serologic 
test for S 3 philis Venous pressures as measured in the upper extremities were 14 cm of 
water bilateral^ Circulation time, arm to tongue, using Dccliolm was lG seconds The 
electrocardiogram rev ealed nght axis deviation and minimal nght \ entncular hsrpertroph} 

Roentgenograms of the chest revealed a mass m the supenor mediastinum which 
was considered to be an nneur 3 sm of the aortic arch (Fig 1) An angiocardiogram con 
firmed the presence of tho arch aneurj^m and strong!} supported the clinical diagnosis 
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of aorticopulmonary artery fistula since roopacification of tlie pulmonary artery occurred 
after the contrast material had entered the aorta (Fig. 2). 

Operation was performed on Nov. 11, 1!>58. A left anterior third interspace incision 
was carried across the sternum for a short distance into the right thiid interspace. Ap¬ 
proximately 350 c.c. of serous fluid was found in the left liemithorax. A large saccular 
aneurysm, measuring 12 cm. in diameter, arose from the posterior and left side of the 
ascending aorta, filling the aorticopulmonary window and compressing the origin of the 
left pulmonary artery (Fig. 3). Although the first portion of the descending aorta was 
aneurysmal on its entire circumference, the dilatation in the aich was confined to the 
lesser curvature. A continuous thrill was palpable in the left pulmonary artery, distal 
to an area of aneurysmal compression. The thrill could be obliterated by compression 
of the area of junction between the aneurysm and the pulmonaiy artery. In spite of the 
increased venous pattern on the chest and left shoulder, the innominate vein was not 
compressed by the aneurysm. 



Fig. 1—Roentgenogiam of chest in 45-year-old patient showing mediastinal widening 
produced by an aneurysm of the transverse aortic arch encroaching upon the left pulmonaiy 
hilum. 

Fig. 2 —Angioaoi togram showing a fusiform aneurysm of aoi ta. Reopacification of the 
pulmonary artery is evident, suggesting the presence of an aorticopulmonary fistula. 

The aorta and the left pulmonary artery were isolated at their origins by umbilical 
tapes. The main branches of the left pulmonary artery were isolated with heavy silk 
ligatures. The left subclavian artery was isolated and a tourniquet tape applied. The 
distal descending aorta vas isolated with a tape (Fig. 3). The left phrenic nerve was 
preserved, but the left vagus was sacrificed since the recurrent laryngeal nerve had been 
compressed and destroyed by the aneurysm. 

The left femoral arteiy was isolated and a catheter inserted for arteiial perfusion. 
The pericardium was opened to expose the left auricular appendage, and a plastic catheter 
was inserted in preparation for left atrial to left femoral arteiy shunting using a single 
De Bake}' roller pump (Fig. 3). The partial bypass was started using a flow of approxi¬ 
mately 1,S00 c.c. per minute, with the blood pressure in the right arm being monitored 
continuously. 8 * 9 
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A \ascular cl imp mis applied to the trarts \erso aortic arch with the blades placed 
somewhat obliqueh across the base of the saccular ancur\sm I lie tourniquet about the 
left subclaxmn arten •was tightened to pre\cnt back bleeding, md the descending aorta 
was occluded distal to the aneurism The left pulmon m arLr\ w is occluded at its take 
off from the main pulmonary arten with a \ascu!ar clamp, and branches of the left 
pulmonary artery were occluded with tourniquet ligatures (1 lg 3) 

Tho left atrio femoral b\pa q s was begun at a rate sufhcient to maintain a mildh 
hypertensne state m tho head and upper extremities The aorta was transected just distal 
to the proximal aortic clamp, and the w ill of the saccular portion of the ancunsm was 
opened wuleh largo amounts of laminated thrombus were reinoied I ho fistulous com 
municfttion between the sac and tho pulmonary artery was rendih \isunlized and found 
to be round and smooth in outline and to mens nrc approximated 12 mm m diameter 




I *K *—Dt uwm, ‘'howini, Jocition of ntutjsm of the aortic uch and hsttil us c m 
iminicition with the left main pulmonary ait Contiollel extract i port il cnculation w is 
i sod to i i pass the aortic irch during icscctlon of the aneurssm and srift lacement I>ft 
main i uinton in aiterj was tcmporarilj occluded proximal and distal to the fistula Inset 
shows completed repair using Dacron knit prosthesis 

The opening m the pulmonary artery was closed with interrupted sutures of silk The 
remaining wall of the aneurysm was dissected from the mediastinum, and the descending 
aorta was transected proximal to the distal clamp A lateral aortorrhaphy was completed 
where tho origin of tho aneurysm m\ol\ed the ascending aorta A knitted Dacron 
prosthesis, measuring approximately 12 cm in length, was sutured in place between the 
arch at the le\cl of the subcla\inn artery and the normal appearing descending aorta 
following winch the clamps were removed and the partial bypass discontinued The total 
timo of aortic cross clamping and of partial bypass was 55 minutes 
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The postoperative course was uneventful. At the time of dismissal from the hos 
pital 10 days later, examination revealed a normal piecordium without murmurs or 
thrills. Aortic second sound could be heard distinctl)'. The blood pressure was 125/80 
mm. Hg and the peripheral pulses weie normal. Venous distention of the left arm dis¬ 
appeared. The patient was discharged on the tenth postoperative day in good condition. 
Examination 3 months later levealed no cardiac murmurs and a blood pressuie of 140/S0 
mm. Hg. Roentgenograms of the chest showed a normal mediastinal configuiation 
(Pig. 4). 



Fig. 4 —Roentgenogram of chest made 3 months after operation shoving a idatively normal 
cardiac and mediastinal silhouette with slight elevation of left leaf of the diapluagm 

COMMENT 

Rupture of an aneurysm of the aortic arch into the pulmonary artery pro¬ 
duces an acquired aorticopulmonary fistula. This lesion is similar to congenital 
aorticopulmonary septal delect in that no duct exists which would permit safe 
interruption between clamps with closure by suture. Moreover, the presence of 
a dense inflammatory reaction between the pulmonary artery and aorta prevents 
separation of the two vessels by dissection. Thus, temporary diversion of the 
blood stream around the area of the fistula is necessary for successful repair. 7 ’ 8 
Temporary left atrium to femoral artery bypass, using controlled extracorporeal 
circulation, permits safe aortic occlusion at a point close to the heart. This 
technique controls left ventricular strain and prevents ischemic damage to the 
spinal cord during the period of aortic occlusion. Temporary interruption of 
flow through one main pulmonary artery as used in the reported case, or partial 
occlusion of the pulmonary artery with a curved exclusion clamp, isolates the 
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fistulous opening foi lepau 11 the aoiticopubnonaiy fistula imohes the 
ascending 1 aoxta, tcmpoiaij complete caidiopulnionan b\pass with the pump 
oMgenatoi should lie used, smulai to the method ictommuuled loi congenital 
uoitiLopulmonan tickets 


summ \k\ 

Ituptuic ol an aneurysm o£ the ascending aoita and aich is a laic complica 
tion usually leading to death within a fen weeks oi months Suigical col¬ 
lection of the icsuttmg lesion lequnes tempoiaiv (Incision of the blood stream 
mound the in\ol\cd segments of aoita and pulmonaiv uitci\, excision of the 
aneuiysm, and lepau of the pulmonary aitonal opening In a 45 yeni old 
patient, collection of an acquued aoiticopulmonan fistula, sccondan to aoitic 
aneunsm, was successful IXusion of the aneunsm with lestoiation of aoitic 
continuity by means of Dacion gialt was peifonned, using a tcmpoian e\tia 
coipoieal pump owgcnatoi bypass 
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Original Communications 

DESTRUCTION OF THE SPECIALIZED CONDUCTION TISSUE 
IN THE LIVE CANINE HEART WITH IODINE 

/ R Wennematk, M D , R Benvenuto, AID and 
F John Leu is, M D , Chicago, 111 

I t his long been known that iodine could bo used ns n stain m histologic study 
of high gljcogen containing tissue However, theie has been surpusmgly 
little application of this method in the studv of the conductive system of the 
lieait, cspeciallv as a macioscopic method of demonstiatmn when applied to the 
endocardial smface of the heart In 1885, Maichand' applied an iodine solution 
to the endocjidium of the sheep heart and noted the visualization of the conduc 
tne svstem Much later, Taufic, Lewis, and Bashoui* in 1857 applied Lugol’s 
solution to the autopsied canine heart to dcmonstiate the bundle blanches duung 
tlic study of expeiimental septal defects and Uliley and associates 10 have again 
emphasized this technique and have applied it to a ladioautogiaplnc method 
using ladioactive iodine These aie all techniques foi study of the dead lieait, 
but recently Allen and associates 1 have suggested that iodine solution be used 
us a supiavital staining method in clinical material during open heart suigerv 
m oidei to visualize and avoid tiaumatic injuiv to the conductive svstem Wo 
will piesent evidence to show that this is a dangeious supiavital stain because 
ol its damage to the conduction tissue 

In the canine lieait, the bundle blanch and Puikinye systems aie veiy well 
developed and lie immediately beneath the endocardium If looked foi caie 
fullv, these stiuctuies can he seen with the naked eye as white stiands of tissue 

Prom the Departments of Medicine and Surgery of Northwestern Uni\ersit> Medical 
School Chicago 11 Ill 
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contrasted against the background of myocardial tissue. This has been noted 
previously in the older literature-- 6 and has also been noted in the beef/- 4 - fi 
sheep, 4 ’ 8 and human 3 ' Si 12 hearts. However, in the human heart this is best 
demonstrated with gross dissection.' 1 8 1H and the Purkinje system cannot be seen 
maeroseopieally. 

Because of its high glycogen content, the right and left bundle branch and 
Purldnje system of the canine heart are easily stained with iodine solution. 
This stain gives a dark brown to bluish color and is sharply demarcated from 
the adjacent myocardium. The staining reaction appears several seconds after 
the local application of iodine solution to the endocardial surface of the heart. 
The reaction works on both the fresh and the formalin-fixed heart. Pig. 1 
shows the right and left bundle branches and Purkinje systems in the canine 
heart as they appear with this technique. In Pig. 1A the well-formed right 



Fig. 1A.—Normal right bundle branch of the canine heart stained with Lugol's solution. 
The main bundle can be seen emerging from beneath the tricuspid valve leaflet (f) and bifur¬ 
cating near the antenor papillary muscle ( P) into and anterior and posterior ladiation 


main bundle branch is seen emerging from beneath the medial cusp of the tri¬ 
cuspid valve, where it originates in the area of the membranous septum. It 
passes near the muscle of Lancisi and courses down in the area of the septal 
band of the crista suprai entricularis to the anterior papillary muscle where it 
bifurcates into an anterior and a posterior branch. Minor variations in the pat¬ 
tern of distribution of the fibers in the region of the bundle are noted in some 
dog- hearts in that they may be more diffuse and less easily recognized as a 
compact bundle. Also fibers may occasionally be seen to branch off tbe main 
bundle; however, these have not been seen to end in the Purkinje network. In 
Pig. IB, the left main bundle branch is seen emerging from the area of the 
membranous septum. It is very short and diffuse and almost immediately 
bifurcates into an anterior and a posterior branch. 

We have not been able to visualize satisfactorily the bundle of His by this 
svstem. However, if the right main bundle is followed up to the membranous 
septum the common bundle lies immediately in this area. 
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Several years ago we became interested in this technique as a possible means 
of visualizing the conduction System in the living heart at the time of open 
heart surgery in dogs. However, we found that although Lugol’s solution 
stained the conduction tissue well, the staining reaction caused immediate and 
permanent bundle branch block. Because of this observation, we abandoned 
the technique for this purpose, but adopted this property of destroying conduc¬ 
tion tissue to a study of the mechanism of ventricular activation. The electro- 
physiologic effect of destruction of the total bundle branch and I’urkinje system 
of the right ventricle of the dog by spraying the endocardium with Lugol’s solu¬ 
tion has been under study in the dog-heart. This technique produces a block 
which lasts at least !) months, the longest period of observation we have made. 



, F J? ra—.Normal left bundle branch of the canine heait stainerl with I.ugol’s solution 
The left main bundle Is verj short and bifurcates almost immedmtclv w ith an anterior and 
posterior radiation. The Purkinje network is well Usualized. 

Stimulated by the report of Allen and associates, 1 wc have recently made 
some further observations as to the effect of iodine solutions on the right main 
bundle branch. 

MATERIALS AND METHODS 

Nine medium-sized mongrel dogs were anesthetized with intravenous sodium 
pentobarbital. A control 12 lead electrocardiogram was taken with a Sanborn 
Model 150 direct writing machine at a paper speed of 50 mm. per second. Im¬ 
mediately following this, at normothermia, the heart was exposed through a 
fourth right intercostal incision. The inflow and outflow tracts of the heart were 
then occluded and, through a right atrial incision, the area of the right main 
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bundle branch on the ventricular septum was exposed by retraction of the tri¬ 
cuspid valve. In most instances, the main bundle branch could be identified 
quite well, even before staining. The bundle was stained by applying a cotton 
pledget dampened with the iodine solution to the bundle area for a few seconds. 
In all cases the bundle was stained and visualized well. The heart was then 
closed and the circulation restored. The total time of occlusion was from 2 to 3 
minutes. The animal was allowed to recover. An electrocardiogram was taken 



ntofi T1 12 fli ’ v6 



Fig. 2.—Electrocardiogram showing the typical right bundle branch block present 2 
weeks following the application oE iodine solution to the right bundle branch. The tracing of 
7/28/59 is the control before the surgical procedure. The first chest lead is V» in the second 
interspace. Vs is not taken because of the close proximity of V s and Vi in the dog. 


immediately following surgery and again in 14 days, at which time the animal 
was sacrificed. In 2 cases, just before sacrificing the animal, the left main 
bundle was injured by a probe introduced into the left ventricle through the 
posterior myocardial wall near the septum. By this method complete right 
bundle branch block was proved to be present, for when left bundle branch 
block was added, complete heart, block was noted immediately. The conduction 
system was examined grossly in all dogs after sacrifice with excess Nembutal. 
Histologic examination was also performed in 2 dogs. 
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For the histologic work, a block was taken of the ventricular septum in the 
area of the bundle and serial sections were made of the entire block, staining 
alternate sections with the periodic aeid-Sehiff stain and hematoxylin and eosin. 
In each heart a block of the left main bundle was prepared in a similar way ns 
a control. 

In this study the iodine solutions used -were: f> per cent elemental iodine 
and 10 per cent KI in aqueous solution (Lugol’s solution) in 0 eases, and 5 per 
cent elemental iodine and 10 per cent Nal in aqueous solution in 3 cases. The 
latter solution was the one used by Allen and his co-workers. 1 We used it in 
the above eases only to rule out the possibility of potassium effect with the 
Lugol’s solution. 



Fiff. 3—View showing 1 almost complete occlusion of the pulmonary artery by a thrombus 
originating from the area of application of t Algol's solution to the septal endocardium 


RESULTS 

All 9 animals showed a normal control electrocardiogram There was com¬ 
plete right bundle branch block in the tracing immediately following surgery 
and in the 14-day tracing in 8 cases, while in 1 case, in which Lugol’s solution 
was used, the block appeared to be incomplete. Fig 2 shows a typical control 
and final electrocardiogram. In the 2 cases in which the left main bundle 
branch was injured, a complete heart block developed, which pioved that the 
block in the stained right bundle i\as complete 

At autopsy examination, a severe tissue reaction was seen in the area of 
application of the iodine solution in 7 cases. In 2 cases this area was covcied 
with a large thrombus. In 1 case (Fig. 3), the thrombus extended into the 
pulmonaiy outflow tract and proximal main pulmonary artery, causing a severe 
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degree of obstruction of this vessel. In 2 eases the endocardial tissue reaction 
was not as severe and the main bundle branch could be seen as a dense white 
band in the area stained, which was a distinct change from its normal appear¬ 
ance. In all cases there was a loss of ability of the bundle to stain with Lugol’s 
solution in the area, involved. Distally the uninvolved bundle and Purkinje 
tissue retained this property, an observation which we have also made following 
cutting' of the bundle. 11 There appeared to be no difference in the effect of the 
two solutions used. 

Examination of the involved area in the 2 cases studied histologically re¬ 
vealed the endocardium to be inflamed and fibrotic. The conduction tissue could 
not be identified with either the periodic acid-Schiff or hematoxylin and eosin 
stain. Some sections showed organizing fibrin on the surface of the endo¬ 
cardium. 

DISCUSSION 

The use of a supravital stain to give good visualization of the conduction 
system during open heart surgery would be desirable in order to prevent injury 
to the system during the procedure. Allen and associates 1 have recently ad¬ 
vocated the use of an iodine solution (5 per cent elemental iodine and 10 per 
cent Nal in aqueous solution) to accomplish this in experimental and clinical 
work, but our experience, as presented, clearly shows that iodine solutions are 
dangerous because of their deleterious effect on the conduction tissue. This is 
manifested as both functional and histologic change. Also, there is a severe 
endocardial reaction and sometimes thrombus formation in the area to which the 
solution is applied. 

At the present time we do not know of any supravital stain which can be 
used on the conduction system. However, further investigation is desirable in 
this field because of the frequency of conduction disturbances following open 
heart procedures. 

The bundle branches, especially the right, can be seen sufficiently well with 
the naked eye in the canine heart to be of use in experimental open heart proce¬ 
dures when injury to the system is to be avoided. 

Iodine solutions give very good contrast of the bundle branches and 
Purkinje tissues in the autopsied canine heart for purposes of gross morphologic 
study. 

SUMMARY 

1. Iodine solutions were shown to stain selectively the bundle branch and 
Purkinje system of the dog heart due to the high glycogen content of these 
structures. 

2. Iodine solutions were applied to the right bundle branch of the canine 
heart in 9 living animals in order to evaluate this as a supravital staining 
method. 
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3 This pioceduic pioduccd bundle blanch block m all cases and subse 
qucnt gioss examination and histologic examination in 2 cases showed seieic 
damage to the conduction tissue 

4 The use of iodine solutions to supiautallj stam conduction tissue m the 
human being should bo thoioughh eialuated because ot the icadih demon 
stiable and peimanent damage this substance pioduces in the conduction sxstem 
of the dog 

Me arc guteful to Dr Robert B Jennings of tlio Department of Pitholog) of 
Northwestern Uiuversitv Medical School for lit Ip m cv ilu itmg the pathologic miterial 
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PRIMARY CARCINOMA OF THE LUNG 

A Follow-Up Study Including Pulmonary Function Studies of 
Long-Term Survivors 

John C. Jones, M.D., Joseph L. Robinson, M.D., B. W. Meyer, M.D., and 
Hurley L. Motley, M.D., Los Angeles, Calif. 

T he purpose of this paper is twofold: first, to present data concerning the 
fate of 513 people operated upon for primary carcinoma of the lung be¬ 
tween July 1, 1942, and Jan. 1, 1959; and, second, to call attention to the 
problem of cardiopulmonary illness faced by those long-term survivors who 
I were successfully treated by pneumonectomy. 

AGE 

Patients varied in age from 32 to 80 years, with the highest concentration 
lying in the sixth decade, or more specifically, between the ages of 55 and 60 
years (Table I). We have had less success in treating patients under 40 and 
over 70 years than those in other age groups. Of 9 patients under 40, only 2 
had lesions which permitted pulmonary resection. One of these died within 
3 months of the operation from metastases, and the other, although living a 
year and a half after surgery, has had a recurrence and is being treated by 
radiation therapy. Those at the other end of the age spectrum also did poorly, 
but for a different reason. There were 35 patients 70 or more years of age 
for whom we did a thoracotomy, and in this group the resectability rate of 
51.4 per cent was almost as good as the over-all rate of 53.3 per cent. But the 
surgical mortality was considerably higher, being 8.6 per cent as compared to 
an over-all 2.9 per cent. There were 3 deaths, all occurring among the 9 pa¬ 
tients who had a pneumonectomy, for a surgical mortality rate for this pro¬ 
cedure of 33.3 per cent. There were no surgical deaths among the 16 patients 
explored, nor among the 10 who had lobectomy. In our experience, a deficient 
cardiopulmonary reserve is the greatest hazard to these older patients, and we 
now prefer to have complete pulmonary function studies done on them prior 
to surgery. We try to resect the amount of lung tissue which will provide 
the patient until the best over-all prognosis, taking into consideration both the 
cardiopulmonary function, and the nature and extent of the neoplasm. 

From the Departments of Surgery and Medicine and the Cardio-Respiratory Laboratory 
of the University of Southern California School of Medicine. 

This study of pulmonary function was supported in part by Research Grant H-1606 (C4), 
National Institutes of Health, U.S. Public Health Service. 

Received for publication April 17, 1959. 
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Table I Age Distribution in 513 Tiiorvcotomies 


\CF | 

I ODFCTOM\ 

IAFIJMO 

NEfTOMA 

1 ah , 

RFSFCTIONS | 

FNFIOPVTIONS | 

1 TOTAT 

TIIORA 

COTOMIES 

Under 40 

o 

0 

o 

7 

9 

40 44 

4 

12 

16 

20 

36 

45 40 

5 

28 

■n 

20 

62 

50 54 

8 

*18 

40 

38 

84 

55 50 

25 

47 

72 

62 

134 

60 64 

10 

45 

04 

56 

100 

65 GO 

14 

18 

82 

21 

53 

70 and over 

10 

0 

19 

16 

35 

Total* 

87 

107 

284 

220 

513 


SEX 

Among 513 patients Mere G8 (13 3 per cent) females The piopoition of 
females in otu senes increased shghth in the lattci half as eompaied to the 
fiist half Up to the end of 19 r >0, 12 2 per cent of 196 patients ivere women, 
as eompaied to 13 9 pci cent of 317 patients from the end of 1950 to the end 
of 1958 This mcieasc of 1 7 pci cent should not necessarily be taken to mean 
thattheie lias been a similar met ease m the amount of pulmonan caicmoma m 
nomen An analssis ot otu data indicates that this mcieasc is due laigeli to 
the gicatei numbei of asjmptomatic, penpheial lesions being found tilth the 
inoio fiequent use of loutinc chest \ ia\ e\aniinations Companng lesectabiliti 
lates m the two penods, tie see that m males the rate incieased less than 2 per 
cent (from 54 7 pel cent to 56 4 pci cent), while the late foi females jumped 
o\ei 30 pel cent (fiom 33 3 pu cent to 63 6 per cent) (Table II) Also the 
pioportion of lesections nhicli nas limited to a lobectomv, lose fiom about 
10 pei cent m the caili penod to about 42 pel cent in the lattei period Like 
mse, the pioportion of adeiiocaieinoma in the icsccted specimens lose fiom 
12 8 pei cent to 18 1 pci cent (Table III) All of these facts, lie believe, point 
to the conclusion that the eailiei diagnosis of peripheral lesions has been of 
greatei significance proportionate!-!, in females than in males 


Table II Resectability Bytes Befope and Since Jin 1, 1931 
SEA COMBAT ISONS (513 THORACOTOMIES) 



BEFOPE J\N 1, 

1051 ! 

| SINCE JAN 1, 

1951 ! 

TOTALS 

MAI E 

1 1 FM AT F | TOTAL | 

[ MATE [ FE MAI E [ TOTAL | 

[ MALE 

|FEMAI F | TOTAL 

Thoracotomies 

172 

24 

106 

273 

44 

317 

445 

68 

513 

Explorations 

78 

16 

94 

119 

16 

135 

197 

32 

220 

Resections 

94 

8 

102 

154 

28 

182 

248 

36 

284 

Resectability rite 

54 7 

33 3 

52 0 

56 4 

63 6 

57 4 

o5 7 

53 0 

55 4 


Tabie III Percentage Adenocarcinoma in Pathology Specimen 
281 RESECTIONS 248 MALES—36 FEMALES 



] BfFOPE JAN 1 10jl | 

| SINCE JAN 1, 19ol | 

TOTALS 

Males 

11—11 89o 

19—12 3% 

30—12 1 % 

Femaltb 

2—25 % 

14—50 % 

16—44 4 

Totals 

13—12 8% 

33—18 1 </c 

46—16 2% 
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The early surgical results are shown in Table IV. Among the 533 patients 
having thoracotomy, there were fifteen deaths within the first 2 weeks, for a 
surgical mortality rate of 2.9 per cent. Only one death in 229 operations (0.4 
per cent) occurred following exploration. Likewise, following 87 lobectomies, 
there was only one death, for a surgical mortality rate of 1.1 per cent. The 
highest rate occurred in those patients having pneumonectomy, where there 
were 13 deaths in 197 operations, for a mortality rate of 6.6 per cent. This 
gives an over-all mortality rate among 284 patients having pulmonary resection 
of slightly under 5 per cent (14 deaths). Three of these 14 deaths occurred 
in poor-risk patients over 70 years of age who had pneumonectomy. 


Table IV. Early Surgical Results (513 Thoracotomies) 


1 

MALES 

| FEMALES 

| TOTAL 

Number of thoracotomies 

445 

68 

513 

Surgical mortality 

15 

0 

15—2.9% 

Number of explorations 

197 

32 

229 

Surgical mortality 

1 

0 

1—0.4% 

Number of resections 

24S 

36 

284 

Surgical mortality 

14 

0 

14—4.9% 

Number of lobectomies 

65 

22 

87 

Surgical mortality 

i 

0 

1—1.1+% 

Number of pneumonectomies 

183 

14 

197 

Surgical mortality 

13 

0 

13—6.6% 


LATE RESULTS OF SURGERY 

For about one half of our patients who had pulmonary resection, the opera¬ 
tion had little influence in prolonging their lives (Table V). These, obviously, 
were the patients in whom the carcinoma had extended beyond the lung or had 
metastasized by way of the blood or lymph stream prior to the time of surgery. 


Table V. Resection Surgery: Late Results 


YEARS IN WHICH RESECTED | 

1942-1957 

| 1942-1955 

| 1942-1953 

| 1942-1948 

Length of time observed 

1 year 

3 years 

5 vears 

10 years 

Number of patients 

249 

202 

162 

64 

Number dead or lost 

123 

139 

126 

52 

Per cent dead or lost 

49.4 

71.8 

80.9 

81.2 

Number known alive 

126 

Oi 

31 

12 

Per cent known alive 

50.6 

2S.2 

19.1 

18.8 


In a few of them, there was suggestive evidence of metastasis or extension at 
the time of surgery and the prognosis was thought to be bad. But in most of 
them there was no apparent evidence of metastasis at the time of re¬ 
section. Approximately 50 per cent of these having a resection died within 
the first year after surgery, which compares with a 95 per cent death rate 
wit hin the first, year after exploration for a group followed earlier. 1 After the 
first year, the death rate for carcinoma rapidly diminished, and by the third 
postoperative year, about 90 per cent of those who were to die of carcinoma 
had already done so (Fig. 1). 

In previous publications, 1 - 2 we presented follow-up data for a small group 
of patients who had been treated by lobectomy. Lobectomy had been done in 
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these patients as an opciation ot choice, tlie cnteini foi the selection being 
(1) a penpheial lesion Yell icmo\ed fiom fissmes, plemal smlace, and point 
of hionchial tianseetion, and (2) m which the mediastinal and liilai hmph 
nodes did not appeal to lx imohed m a metastatic piocess This small giotip 
of patients had a 3-voai sm\nal late of 73 pci cent Since that time, i\c have 
peifoimed lobeetomv m some patients as a palliative piocedme, and in otlieis 
as a second choice because of pool caidiopiilmonaiv lcseive This has, ot 
necessilv, loweied the long tenn survival late toi this opciation At the piesent 
tune, the 3 veal siuvivnl late foi 32 patunts having lobectomv is 51 0 pel cent 
as compaied with 20 pei cent foi 150 patients having pneumoneetomj (Fig 2) 



1—Ten > ear follow up after resection on 64 patients—63 pneumonectomies and 1 Iobec 
tom> Hotted line number of suim\ois Solid line numbei of carcinoma sur\ i\ors 

Ten Tear Sui vival —In this senes of 513 patients, aie 63 who had a pneu 
moncctomj moie than 10 seals ago Thu tv ot these 63 died of caieinoma witlim 
the hist veai aftei smgeij In the nest 9 veais, 22 moie died, but of the 22, 
7, oi about one thud, died of causes otliei than caieinoma Considenng the 
age of the people involved, this is not siiipnsmg, noi, peihaps, is it sin-pi ising 
that 5 of these deaths weie lepoited as of caidiac oiigm IVc have vvondeied 
howevei, to what extent and in what wav the loss of one lung mnv have eon 
tributed to then so called “caidiac” deaths Were tliev not m lealitv eardio 
pulmonan deaths* And if so, could something peihaps have been done to 
prolong then lives* It has been suggested that the distention of the lemaming 
lung following pnenmonectoniv produces pulmonaiv emplivsenia, which in turn 
leduces the eardioiespnatoiv function It has been luithei suggested that 
thoiacoplnstv should be done m oidei to lcdnce distention in the lemaming 
lung 
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In order to study this problem, we decided to bring in the 11 patients who 
are still alive 10 or more years after pneumonectomy. The length of their sur¬ 
vival varies between 10 and 16 years, with the average being 12.7 years. With 
one exception, the 11 patients are all leading satisfactory lives. Thej 7 are either 
working, or are exerting an equivalent amount of physical activity. The one 
exception is F. 0. H., who, strangely enough, is the oldest in respect to survival 
time (16 years), but the youngest in actual age. At the time of surgery, he 
was 42 years old. Within the past 2 years, he has had two episodes of right 
heart failure, and was almost totally incapacitated at the time of the study. 
He has recently died of right heart failure. 



We were able to do complete pulmonary function studies on 9 of the 11 
patients (Table VI). 


Table VI. Patients Studied 10 or More Years After Pneumonectomy 


PATIENT | 

SIDE | 

AGE 

| years since surgery 

1. E. 0. H. 

Left 

57 

16 

2. H.J.H. 

Right 

68 

10 

3. H.B. 

Right 

65 

12 

4. H.H. 

Right 

60 

13 

5. L. Z. 

Left 

64 

15 

6. R. B. (Mrs.) 

Right 

57 

10 

7. J. C. 

Left 

66 

12 

8. J.O.R. 

Left 

65 

12 

9. R. B. 

Right 

65 

14 
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PULVIOX Hl\ FUNCTION STUDIFS 

Methods —The lung volume mcasuiements consisted of spirograms on the 
13 5 liter lespnonietei befoie and aftei bioncliodilator drugs such as Yaponefrin 
and Isupicl The measurements fiom the spirogram included total vital ca 
pacitv, timed vital capacity for 3 seconds, and the maximal breathing capacity 
The shape of the spuogiam tiacing was also of significance The icsidual an 
was measured and checked both by the oxvgcn open encuit 3 and the helium 
closed ciiciut methods * The alveolar mtiogen was obtained on oxygen breath 
mg after the end tidal nitiogch was lcdueed to 1 pci cent as monitoied b} the 
nitiogen metei The oxvgcn content, oxvgcn eapaeitj, CO. content and pH 
vveie obtained on lestmg and cxeieisc samples of the aitenal blood, employing 
the manometne Van SI}he apparatus The aitenal blood oxjgen saturation 
was determined both fiom oxvgcn content and capacity mcasuiements and bv 
omplojmg the AVateis double scale cuvette oximctei foi blood The oxygen 
capacitv was cheeked both bv the flask and Van SI} he methods Artel ml blood 
samples vveie obtained at rest and with cxeicise, on ail and giaded levels of 
high oxvgcn breathing (33 8 per cent and 100 pel cent), and with intermittent 
positive piessurc breathing on compiessed air The subject was allowed to 
breathe the 33 8 pci cent oxv gen for 8 to 10 minutes before the exercise was 
started The pulmonarj ventilation mcasuiements wore obtained fiom gas 
analvsis, rising the Scholandci apparatus, of the expued air collected in a Tissot 
gasometer The effective tidal an was calculated fiom the expued pC0 2 and 
the aitcml pCO«, the latter measuicment b} the direct bubble tension tech 
mque The carbon monoxide diffusion capacitv was mcasiued b} the stead} 
state method desenbod bj Filler and his co workers c 

Results —The lung volume mcasuiements leveal that the total vital ca 
pacitv 7 in all patients except one was 44 per cent oi greatci, of the predicted 
normal for both lungs (Table VII) The normal division of function m the 
lung is 55 pel cent for the light and 45 pel cent foi the left The timed vital 
capacit} for 3 seconds was significantlj decreased as compared to the total vital 
capacity in 7 cases Tlieic was a marked deciease ill the maximal breathing 
capacitv in 5 cases with a moderate deciease m the othci 4, but a significant 
degiee of broncliospasm was observed in all 

The absolute volume of the icsidual air was maikedlv nicieased in Case 1, 
slightly increased m Case 3, and decicased below the predicted normal in all 
of the others In Cases 5 and 6, the icsidual an was decreased almost in pio 
portion to the vital capacity The total lung capacit} vaued fiom 47 to 68 
pei cent ot noimal predicted The latio of the icsidual air to total lung ca 
pacitj was maikedlv incieased in Case 1, modciatel} mcieased in Cases 3, 7, 
and 9, slightly increased in Case 8, and noimal m the othei 4 Ilowevei, the 
helium equilibration time, the mtiogen washout curves (Fig 3), the alveolar 
nitiogen per cent aftei oxygen breathing, and the absolute volume of the 
residual air indicates that emplivsema was not piesent in a significant degree 
m 8 of the 9 patients A seveie degree of emplijsema was present m 1 patient 
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ox* less (Fig. 3). In 4 patients, the nitrogen 'washout was very slightly pro¬ 
longed beyond the 5-ininute time interval, but was significantly prolonged in 
Case 1 only; and even in this patient the prolongation was not as marked as 
seen in patients with comparable severe emphysema. A composite graph is 
shown in Fig. 3 of 36 cases, all with severe emphysema and residual ratios 
of 50 to 60 per cent of total lung capacity. 

The arterial blood studies revealed that only the patient with emphysema 
(Case 1) had a severe degree of arterial blood oxygen unsaturation at rest 
(below 90 per cent). A slight to moderate degree of arterial unsaturation 
was present in the others at rest. With step-up exercises, 1 patient (Case 2) 
with severe bronchospasm developed a severe degree of arterial blood oxygen 



Fifr. 3.—Nitrogen washout with oxygen breathing with the "Waters nitrogen meter in 9 
cases of pneumonectomy and a composite curve of 36 cases of severe emphysema (all with a 
residual ratio to total lung capacity between 50 and 60 per cent). The nitrogen concentration 
as per cent in the expired air is plotted on the ordinate against time at 30-second intervals 
on tlie abscissae using semilog paper. The nitrogen washout curve was normal for Cases 2, 
4, 5. and 7. In Cases 3, 6. S. and 9, the nitrogen washout curve was very slightly prolonged 
beyond 5 minutes to an end tidal of 1 per cent and indicates the absence of a significant de¬ 
gree of impairment in air distribution. The nitrogen washout curve for Case 1 was signifi¬ 
cantly prolonged and characteristic of the type seen in severe emphysema. However, tiie 
nitrogen washout for Case 1 was significantly bet'er than the composite curve for severe 
emphysema of a comparable degree as based on the residual per cent of total lung capacity. 


unsaturation and a marked drop below the resting level. In 5 patients, there 
was no significant change with exercise, and in the other 3, a slight drop in 
1 and a moderate drop in 2. The arterial saturation was significantly increased 
in all patients at rest on intermittent positive pressure breathing on compressed 
air only, indicating the presence of poorly ventilated alveoli as responsible 
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foi pait ot the unsatuiation Ilowevei, pint of the hvpoxia was duo to the 
peifusion of blood tliiougli nomentilatcd mens with exeicise, as the saturation 
did not mciease to 17 pci cent oi moic m all eases on a 33 8 pei cent ox}gcn 
breathing with an mciease in the liispned pO. o\ei 00 mm Ilg above that 
of an bicatliing 7 

The caibon monoxide diffusion c.ipacitv me.isuicmuit using the steady 
state method of Filler and his associates was low at lest in all cases except 1, 
and with cxeicise m all cases except 3 The lowest \alues with exeicise weie 
picsont in the patient with empire soma and the patient with seveie Inonclio 
spasm (Cases 1 and 2) 

The caibon dioxide content ot the aitenal blood was ven slightly derated 
above the avoiage noimal ot 4S 5 volume pei cent, both at lest and with exeicise 
The aitenal pH was normal both at lest and with exercise Dnect tension 
measmements of the aitenal blood at lest lcvcal fault normal values except foi 
the emplnsema patient, wlioie the pCO- was lncieasccl and the pO» decieased 
The oxxgen tianspoit acioss the lung was also fairlv noimal as measured be the 
inspiied ahcolai pO» diffeience and the ahcolai aitenal pO- diffeicnce, except 
foi the patient with emplnsema (Case 1), and the lncioased ahcolai arterial 
pO- diffeience m Case 2 (seveie bionehospasm) 

The minute v entilation was essential!} noimal both at lest and with exeicise 
The testing ox}gcn uptake was decieased shglith m all patients except 2, 
as shown by the dnect measuiement of the basal metabolic into on an bieatlnng 
The exeicise oxvgcn uptake was vei} maikedh decieased m the patient with 
emplnsema (206 ml pei mm pel sq SI, BSA, noimal 500 to COO) A maiked 
deciease in exercise ox}gcn uptake was piesent in 5 patients and a modeiatc 
decieasc in the othei 3 The deciease in the exeicise oxvgcn uptake is quite 
significant m this senes of cases as it indicates the inability to incicasc the 
pulmonaiy blood flow couespoiiding to the dcgice of exeicise given, and in¬ 
directly indicates mcieased pulmonaiv vascular lesistancc and tlie piobable 
piesence of cor pulmonale Tlieie is a slight to moderate degree of impau 
ment in the lung ventilation effieiencv, as measuied by the pei cent of oxvgen 
cxtiacted both at lest and with exeicise The effective tidal an based on the 
expired pCO. and the aitenal pCO- was significnntlv decieased in all patients, 
being below the normal predicted value of 75 per cent The calculated 
physiological dead space was maikedh mcicased m 2 patients while at lest 

The data on these 0 patients with pneuinonectom} indicate that, ovei all, 
coi pulmonale is a moic significant factoi than emplnsema m producing dis 
ability Except m one instance, emphysema was not a significant factoi in 
these studies of lung function An distilbution in the lung was normal foi 
4 patients, very sliglitlv impelled in 4, and scveiely impaned ill the 
patient with emplnsema The impaiiment m the aitenal blood ox}gen 
saturation was due to pooih ventilated alveoli and the peifusion of blood 
tliiougli lionvoutdated alveoli, ospeciallv with exeicise Bionehospasm and 
filnosix appem to lie pnmaiih lesponsiblc foi the lnpoxia The exeicise 
ox}gcn uptake was significant!} decieased in all cases, and to a maiked degiee 


154 


JONES, ROBINSON, MEYER, MOTLEY 


J. Thoracic and 
Cardlo\as. Surg. 


in all eases except 3, where the decrease was of a moderate degree. These 
measurements indicate the inability to expand the pulmonary vascular bed in 
a normal manner with exercise and the presence of increased pulmonary vas¬ 
cular resistance. The changes in pulmonary vascular resistance cannot be 
explained on the basis of pulmonary emphysema in 8 of the 9 cases. Since the 
rationale of a prophylactic thoracoplasty as performed shortly after a pneumo¬ 
nectomy is to prevent the development of emphysema, it would appear that in 
these patients such a procedure would have been -without value, as significant 
emphysema is not present 10 to 15 years later. Furthermore, the deformity 
of a thoracoplasty could have impaired still more the ventilatory and circulatory 
defects which exist at the present time. 8 

DISCUSSION 

The technique of pulmonary resection for carcinoma of the lung is well 
and long established, and the surgical risk of the operative procedure per se 
: s satisfactorily low. But that is not equally true of the effects of resection 
pon the patient’s physiology. His survival, both short and long time, will 
epend not only upon the success of the surgeon in resecting all of the neo- 
ilastic disease, but also upon the degree of disturbance in his cardiopulmonary 
ystem produced by the resection. Since death is the ultimate fate of all man- 
ind, our aim in treating a patient with carcinoma is not only to alleviate 
uffering, but also to prolong life to the best of our ability. 

Our success in arresting the fatal course of a neoplastic process by surgical 
extirpation certainly leaves a great deal to be desired. In only about one half 
of those in whom we think we have performed a successful resection will one 
year of postsurgical life be realized, and only about one fourth of them will 
survive for a period of 5 years. In our experience, this appears to be true 
regardless of whether the extent of the resection is a lobe or the entire lung, 
so long as all visible neoplastic tissue is resected, together with a safe margin 
separating the resected from the uninvolved tissue. Such being the case, we 
feel hardly justified in performing a complete pneumonectomy in every patient, 
regardless of the state of his cardiopulmonary physiology. Any further 
improvement in salvage rates, so far as surgical treatment of carcinoma is 
concerned, would appear to depend primarily upon earlier diagnosis and 
treatment. This is not true in regal'd to improvement in the survival rates 
of patients who have had successful resection. Here, there are two avenues 
for improvement. The first has to do with a better selection of the surgical 
procedure to fit the patient, and the second deals with reducing factors which 
are responsible for cardiopulmonary failure following resection. The 
means to the first are pretty well at hand—that is, the preoperative use of pul¬ 
monary function studies and other tests by which physiological status may 
be evaluated. The attainment of the second objective will depend largely upon 
the accumulation of additional data. 

AVe think that these studies on this small group of patients have been 
informative, and that, additional fields for investigation are quite clearly indi¬ 
cated. All 9 patients were, at the time of the examination, suffering from 
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some degree of cardiopulmonary incapacity. In only 1 case was this due 
chiefly to pulmonary emphysema. In the other 8 cases the disability was 
obviously due to other factors. It is true that the appearance of their x-ray 
films would suggest that distention of the remaining lung is a factor (see Fig. 4 
for a representative case). But the pulmonary function studies did not 
demonstrate evidence of pulmonary distention in any patient. Surprisingly 
enough, the one in whom the studies came closest to indicating pulmonary 
distention was the only patient who had had a postrescction thoracoplasty. His 
roentgenogram (Fig. 5) showed the mediastinum to be pretty much in the 
midline. There was only 1 patient who showed a significant degree of pulmo¬ 
nary emphysema (Fig. 6). But since none of the others did, wc feel that it is 
reasonable to assume that his emphysema was a concomitant, rather than a 



consequential, complication of the resection. Evidence of pulmonary fibrosis 
was, on the other hand, apparent in all of the patients studied, and does thcre- 
foic appear to be a related complication. Of equal importance was the finding 
in all cases of evidence of the presence of an increased resistance in the pul¬ 
monary vascular bed. It cannot he said whether this increased resistance is 
due to a loss of expansibility produced by perivascular fibrosis, or to pulmonary 
aitciiosclerosis lesulting from the long-continued increased blood flow. It 
may, of couisc, he due to both factors Although we did not perform right 
heart enthetheri/ation as part of the pulmonary junction studies, it is assumed 
from the data collected that pulmonary liypoitension was present. This 
would he in keeping with repot ts published by Adams and his co-workers,® 
who found evidence of pulmonary hypertension and cor pulmonale in their post- 
pncumonectomy patients. 
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And what lias caused pulmonary fibrosis in these patients? Is it related to 
pulmonary arteriosclerosis, or is it due to the increased flow of air in and out 
of the remaining lung for a long period of time? Certainly, additional studies 
are needed before we can answer any of these questions. It would appear to 
be worth while in the future to include pulmonary function determinations in 
the presurgical work-up of more patients. Either then, or at the time of surgery, 
pulmonary arterial pressures should be recorded for future reference. Pul¬ 
monary function studies should then be repeated in those who survive resection 
for 1 year, and at intervals of 1 or 2 years thereafter. Information obtained 
from such studies might very well help us to prolong the lives of those who 
have had successful pulmonary resection for carcinoma. In the meantime, 
treatment of our long-term survivors should he directed toward relieving their 
bronchospasm and reducing the daily strain upon the right heart by limiting 
their physical activity. 

SUMMARY 

Thoracotomy was performed because of primary carcinoma of the lung 
on 513 private patients between July 3, 3942, and Jan. 3, 3959. The surgical 
mortality rate was 2.9 per cent. In 229 cases, exploration only was carried 
out, with a mortality of 0.4 per cent. In the remaining 284 patients, lobectomy 
was performed in 87 with one death (mortality of 1.1 per cent), and pneumo¬ 
nectomy in 197 with thirteen deaths (mortality G.C per cent), for an over-all 
resection mortality rate of a little under 5 per cent. Three of the 13 deaths 
following pneumonectomy were in patients over 70 years of age. An increased 
use in the community of routine chest x-ray examinations during the last one 
half of the period of study lias resulted in bringing in more people with 
peripheral, asymptomatic lesions, and in an increase in the percentage of 
adenocarcinoma in the resected specimen from 12.S to 18.1 per cent. Probably 
for the same reason, there has been an increase in the proportion of females 
from 12.2 to 13.9 per cent. Twenty per cent of 350 patients having pneumo¬ 
nectomy survived for 3 years or more. Of 52 patients having lobectomy, 51.9 
per cent survived for 3 years or more. Especially interesting to ns have been 
63 patients who had pneumonectomy 10 or more years ago. Of the 33 who 
survived 1 year, 15 died later of carcinoma, but 7 died of causes other than 
carcinoma, and the majority of these deaths was attributed to cardiac failure. 
This fact prompted us to study the cardiopulmonary function of the 11 
survivors. Of the 11, we were able to do complete pulmonary function studies 
on 9. Although all but 1 of these were living satisfactory lives and either 
working or reasonably active, they all suffered from some degree of cardio¬ 
pulmonary disability. The function studies indicated that, except for 1 case, 
pulmonary emphysema was not a significant problem; nor was distention of 
the remaining lung. The abnormalities which appeared to us to be responsible 
for their disability are pulmonary fibrosis, bronchospasm, and increased re¬ 
sistance of tile pulmonary vascular bed. Although not proved by cardiac 
catheterization, pulmonary hypertension was inferred to exist. Eight heart 
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disease appears to bo the greatest problem faced by Ihese long-term survivors 
of pneumonectomy. Additional studies directed toward determining causative 
factors are needed. 
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LUNG PERFUSION WITH CHEMOTHERAPEUTIC AGENTS 

Hou aid Pteipout, AI D , and Bitan Blades, /II D , Washington, D C 

T he experience gamed in the application ot mechanical extiacoipoieal cncu 
lation methods in eaidiac In pass and in hemodiahsis lends itself xxell to 
administering caicmolx-tic agents The pci fusion ot an oigan isolated fiom its 
aitenal and xenons supply has the immediate appeal ot lcstiicting a toxic agent 
to that oigan 

Cliemotheiapx m floating eaneci is a lclatixelx new and piomismg held 
It has been limited In untoitunatc side effects particulaili seen m hemopoietic 
depiession and gastiomtestmal disoulei In geneial, these agents hate a short 
life as fai as aetniti once mixed xxitli xxholc blood Theicioie, long pel fusion 
penods aio not necessan to delnei a maximum dose ot am agent 01 agents 
With these punciples in mind, a safe and simple technique foi perfusing 
the lung in dogs has been de\ eloped Such a method penults the maximum 
tolciated dose ot a gneu agent to be deteimined toi the lung tissue It also 
furnishes intoimation as to the maximum dose of the agent m teims ot function 
of sunnal, once the contialatcial lung is lemoxcd 

It is hoped that such a method mil pioxc useful as a form ot luoassax of 
existing chemotheiapeutic agents as well as those to be dc\ eloped in the futuie 
Clinical application ot this technique is undci studx If it pioxis to be 
piaetical, the suigeon max haxe a method ot palliation to oftei those patients 
with mopeiable lung cancel at the time oi tlioiacotomi 

METHOD 

Opciation ■—Dogs weighing foitx pounds 01 moic xxeie ancstheti/cd with 
intiaxenous Pentothal sodium and placed on mtcimittent positixe piessuie 
oxxgen flow adnnnisteied thiough an endotiaclual tube with inflated cuff A 
left fifth lib thoiacotomx was peifoimed and the left pulmonaiy arteix and 
\eins weie exposed b\ incising the pciicaidium at its loflcction oxei these xessels 
The left pulmonaix arteix xxas niobili/cd and occluded bx a double loop of 
umbilical tape lust lateial to the conus The left half of the atiium was then 
tieed iiom the tiachea and postenoi mediastinal spate to allow a Satinshx clamp 
to occlude 1 he atnal elmnbei latual lo tin autcuoi dcs<<iiding eoioiinix 
x esspls 

Tile Geoiao XX asldnston TlnixuMtx Scliool of Xleditim XX isliinEton 1' C 
This investigation was supportel b> l reseircli grant (CT 3~''7) from the 'National Can 
c 1 Institute of the National Institutes of Health U S rublic Health Service 
Received frr publication April 6 19 j9 
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After a second umbilical tape was fixed around the pulmonary veins to 
control blood loss, a 15 mm. incision was made in the lateral wall of the auricle 
just above the origin of the inferior pulmonary vein. Using No. 1 braided silk 
suture on an atraumatic round needle, a purse-string ligature was placed in the 
margin of the cardiotomy. This suture served to fix a Lucite button in the wall 
of the atrial chamber. The button (Fig. 1) was designed in the laboratory for 
the experiment and, once in this position, has never obstructed the outflow of 
venous blood to the perfusion circuit. 

The pulmonary artery was then cannulated by a flanged, curved poly¬ 
ethylene tubing (PE 980). 

No attempt was made to occlude the bronchial circulation. 







Pig'. 1.—Enlargement of Lucite "button" designed to collect blood from tbe left half of 
the atrial chamber. The grooved central portion anchors the “purse-string” sutured cardiot¬ 
omy in position. Ratio of collecting inlet diameter to outlet diameter is 9 to 1. The tip of 
the “button” fits a 0.5 cm. I.D. Tygon tubing. 

The outflow and inflow cannulac were allowed to fill with blood from the 
isolated left lung. Clotting was prevented by administering intravenous heparin 
to the animal prior to the cannulation. A dose of 0.8 mg. per kilogram body 
weight was used. These cannulae were then connected to the perfusion ap¬ 
paratus. 

After perfusion, the cardiotomy was closed with a running suture of 4-0 
silk and the Satinsky clamp was released after precautions were taken to 
prevent air emboli. The pulmonary artery incision was closed with 5-0 silk in 
a transverse fashion which prevented stenosis. The chest wall was then closed 
over a water-seal drain. 

Perfusion Technique .—The perfusion apparatus consisted of a Sigmamotor 
pump, a 500 ml. siliconized collecting bottle, and Tygon tubing connections to 
the cannulae. Just proximal to the pumping point, a right angle connection 
was attached to a 50 ml. titrating burette which was equipped with a stopcock 
and Murphy drip chamber (Fig. 2). 

The entire perfusion circuit was sealed so that the pump not only propelled 
blood through the pulmonary artery but created a balanced negative pressure 
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in the reservoir which aided the outflow of blood from the pulmonary veins. 
Two hundred and fifty milliliters of whole blood, anticongulated with heparin, 
was used to prime the perfusion circuit. The priming level remained constant 
throughout the perfusion period. 



Fig 2—Vertical adjusting rack mounting Slgmamotor pump, collecting bottle, burette for 
chemotherapeutic agent, and disposable T>gon connecting tubes for perfusing the left lung. 

The titrating burette contained a freshly prepared solution of nitrogen 
mustard 6 in isotonic saline which was added drop by drop to the circuit after 
tiie perfusion was begun. 

The flow rate of the recirculating blood was maintained at 175 ml. per 
minute. The nitrogen mustard solution was added over the first 2 to 3 minutes 
of a 35-minute perfusion time. 


•Muitargen (mctlo l-biF-Ibeta-chloretliyn-amlnc lisilrochloiiilc). Merck l Co. Inc., rinl- 
ndclphla. Pa. 
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No attempt was made to wash out the perfusion blood from the pulmonary 
vascular bed in this series. This was based on the observation made by Creech, 
Krementz, Ryan, and Winblad 1 that nitrogen mustard becomes inactive or fixed 
in whole blood in approximately 8 minutes. 

Dose of Nitrogen Mustard .—In the first JO perfusions, random dosages of 
0.2 to 0.7 mg. per kilogram of total body weight were used. There were no sur¬ 
vivals in dosages above 0.4 mg. per kilogram. The remaining twenty-three 
perfusions therefore were made using this amount of nitrogen mustard. 


A 



b a. 


Fig 3—Illustiation of the dispersion of methjlene blue dje m the whole blood perfusion 
of animal's left lung A, Before injection of dje B, Tlnee minutes after instillation of dye 
in perfusate C, Fne minutes after instillation of dje in perfusate 

The Perfusate .—Whole blood was selected to minimize pulmonary edema. 
Saline and plasma were tried but found to be unsatisfactory because a crepitant 
wet lung developed rapidly, early in the perfusion. 

Radioactive chrome-tagged red blood cells were added to the perfusate 
during initial studies to determine the escape of the perfusate to the host 
circulation. In five separate perfusions, no trace of the radioactive element 
could be found in peripheral blood samples taken at the completion of the 
experiments. 
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The lapid ami (veil dixtiilnttion of tin pulusitc tbioughoul the lung 
tissue was continued In infusion ot methi lent, blue dje 'Within 5 seconds 
aftci the column of die was sail to entci the pulmonaiv aiterv, all dnisions of 
each lobe w tie seen to be umtonnh stained with the die (Pig 3) 

The late of flow of the peifusate was anothei unpoitant factoi in patent¬ 
ing pulmonaij edema Initialh, lates of 300 ml pei minute weie found to 
cause i high incidence ot edema, congestion, and biontlnal effusion These com 
plications weie contiolled In leduemg the late of flow to 175 ml pei minute 

Owgenation of the peifusate was supplied In the tiaclieobionchial oxvgcn 
flow fiom the lesuscitatot This eliminated the need fot an oxvgenatoi m the 
pei fusion cncuit 

nrsur ts 

Results of this e\puimeiit fall into thiee categones (1) sunnal of the 
animal using the inaMinum toleiated dose of nitiogen mustaid, (2) evidence of 
si stem ic toxic effect based on pei iodic led blood cell and white blood cell counts, 
and (3) histologic o\ablation of the pei fused lung tissue at intervals following 
pei fusion 

In a series of 23 eonsecutne animals all pci fused with 0 4 mg nitiogen 
mustaid pci kilogiam total bode weight at 175 ml pci minute, there weie 10 
sui\i\ois Of the lomammg 13 animals, 2 died of acute pulmonaiv edema, one 
of eaidiae ancst, one fiom pncuniothoiax, one fiom hcmoirhage at the 
caidiotonn site, 3 fiom pneumonitis, and 5 fiom distcmpei 

The 10 validated survivors <ne all well and the effect of the nitiogen 
mustard on the penphoial blood count is tabulated in Figs 4 and 5 Tlnee 
of the 10 animals had an appieciable depicsmon ot the led blood cells and onlv 
one showed a leukopenia It is possible that distcmpei again plaved a lole as 
the anemia was not uniform tliioughout the gioup 

Histologic study oi pei fused lung tissue is not vet complete but in this 
picliminaw senes tlicie aie specimens eovciing 1 to 35 davs following the opeia 
tion In gcneial, the histologic changes aie sinnlai to acute pneumonitis with 
lesolution m that tlieie is a sequence of vastulai effusion and hemonhage, 
cell neeiosis, monocytic infiltration, and latei fibiosis 

DISCUSSION 

The ability to peifuse one lung without nitenuptuig the gcneial cneulation 
is a distinct advantage of this expenment In 1153, we found the dog s lung 
can be isolated fiom its pulmonaiv and bionchial blood supplj foi 30 minutes 
and survive contialateial pncumoncetomv The piesent expenment indicates 
one lung can be isolated tiom the host and pei fused with a dose of nitiogen 
mustaid, 175 to 200 times that which can be given mtravenouslv The capacitv 
of lung tissue to withstand such a chemical insult offeis a new technique foi 
adnunistenng cliemotlieiapeutic agents This method is an lmpiovcment on 
the intiavenous and intia aitenal loutes m that a highci concentration ol tlic 
agent mnv be fixed in the lung tissue without distuihing the bone inaiiow 
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LEFT LUNG PERFUSION with MUSTARGEN 
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The lelatnc mciease in the maximum tolciatcd dosage of mtiogcn mustaid 
gixen In isolated pel fusion o\ei that gixen intiaxcnoush is based on the lela 
tnc ueight of the loft lung eompaicd to the total bodv weight In dogs, this 
latio is 1 to 195 

The failuio of clnome tagged led blood cells to escape from the pcifusion 
cncuit to the geneial cndilation is smpiisiug This tends to suppoit the tlicon 
that btonohial \eins diam into the pnbnonan xenons system The escape of 
noneellulai elements of the pcifusate xia the lymphatics is the subicct of a latei 
leport 

The effects of this txpe of admmistiatiou of chemotlieiapcutic agents on 
lung tumoi await clinical application Palliation is all that can be hoped fot 
using ousting compounds Ilowcxei, it is to be expected that a l egression and 
eicn leduction in sire of the lesion mot make ceitam tumors tcsectable at a 
latei date a 

The experiments descnbed supph a lalioiaton piepaiation ioi studs of 
the effect of specific agents on lung tissue and furnish a method of denting 
basic mfoimation foi each agent befoie clinical application 

SUM MARX 

1 An cxpeiunentnl method foi the isolated pci fusion of one lung with 
high concentiations ot clicmothciapeutic agents foi the palliation of cancel is 
piesonted 

2 Concentiations of mtiogcn mustaid, two bundled times that toleiated 
by nitiaienous injection, weie gi\cn without the toxic effect of bone mallow 
depiession 

3 Radioaetixc chrome tagged icd blood cells do not escape the perfusion 
cncuit m this technique 

4 Nitiogen mustaid, 04 mg pci hilogiam ol total body weight, dissohed ill 
isotonic saline is the maximum toleiated dose m perfusion of the dog’s lung 

5 The method pioudes a laboiatoix bioassax technique foi existing chemo 
theiapeutie agents, as well as expeumental ones, to be used in palliation of lung 
cancel 

REFERENCES 

1 Crcccli, O, Jr, Krcmcntz, E T, Ryan, It F, and XVinblad, J N Chemotherapy of 
Cancer Regional Perfusion Using nil Extracorporeal Circuit, Ann Sure 148 
GIG, 195S 

J Blades, B, Pierpont, H C, Snmadi, A, and Hill, R P Effect of Experimental Lung 
Ischemia on Pulmonan Function A Preliminary Report, Surgical Forum, Pluln 
delphia, 1053, XX B Saunders Co \ ol 4, p 255 
3 Burbeno, R, Berry, IX , Bateman, T, Crornor, J K, and Ixlopp, C T Combined Ad 
ministration of Xurcomycin and Nitrogen Mustard II Effects of the Intra 
arterial Administration on Human Cancer, Cancer 6 2S(t, 1053 



SEVERE CRUSHING INJURIES OF THE CHEST 
A Simple Method of Stabilization 

L. H. Strug, M.D.. B. Glass, M.D., IF. Leon, M.D., and 

M. Salalich, M.D., New Orleans, La. 

S evere crushing injuries of the chest have become more important to phy¬ 
sicians in recent years because of the increasing incidence of major 
thoracic trauma attendant with high speed vehicular accidents. The high 
mortality and morbidity associated with such injuries emphasize the necessity 
for the general practitioner and the general surgeon to be familiar with the 
management of such injuries. Proctor and London 1 report that of 344,000 
injuries treated during the 9-year period 1944-1952, there were only 8 chest 
injuries with paradoxical respiration requiring surgical treatment. Rives 
and Ivahle. 2 reporting in 1939 on chest injuries following automobile accidents, 
found that of 16,000 accident patients seen in New Orleans Charit}' Hospital 
accident room in a 6-month period, only 24 required hospitalization. On the 
other hand, Chandler 3 states that chest injuries comprise 25 per cent of all 
traffic deaths. Chest injuries of the crushing type, such as rib fractures 
associated with pleui-al or lung complications, are generally conceded to 
carry a. 10 to 20 per cent mortality rate.' 1 As automobiles continue to increase 
in horsepower, it appears reasonable to conclude that severe crushing injuries 
of the chest will continue to increase in frequency. 

In the 3-year period 1955-1958, there were 154 cases of nonpenetrating 
chest trauma of sufficient severity to require hospitalization that were ad¬ 
mitted to the Louisiana State University Thoracic Surgical service of New 
Orleans Charity Hospital. It would be impractical to ascertain exactly how 
many victims of nonpenetrating chest trauma were treated in the accident 
room without hospitalization, but a conservative estimate would place it at 
approximately twice the number of those admitted. This estimate is based 
both on observations by the authors and by the ratio of 3 to 1 found by pre¬ 
vious investigators from this institution over a shorter period of time. 2 How¬ 
ever, it is readily apparent without resort to statistical analysis that severe 
thoracic trauma is on the increase. 

Of the 154 patients admitted, thei*e were 39 cases involving either a flail 
chest, or a fractured sternum. There were 8 fractures of the sternum with 

From the Department of Surgery. Division of Thoracic Surgery, Louisiana State Uni¬ 
versity School of Medicine, and Charity Hospital, Xcw Orleans, La. 
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hemothoiax, 011 c ease of fiactuicd stoimnn with hemopiicumotliorax, and 
one ease of iiaetuied sternum with mpii \ to the heait Thcie wcie 10 eases 
ot flail chest with paiadoxical motion but without mtiatlioi.icic injuiv, 2 
eases of flail chest with hemothorax, 2 with pneuniothoiax, 7 with hemopneu 
mothoiax, 1 with diaphiagniatic liiptuie, and 2 with eaidiae miuiv Of 
these 30 patients, 15 loqiuicd external tiaction ot some suit to stabilize the 
chest wall, 9 lequncd sandbags foi stabilization, and 2 liquiied open thoi 
acotomv The lemaining 13 lequned no tv pc ol stabilization, eithei because 
of the location of the unstable aica oi because of minimal degiee of paia 
doxical lespnatiou All patients with hemothoiax, pneuniothoiax, oi 
hemopneumothoiax weie tieated with eithei single oi multiple thoiacenteses 
oi with closed mteicostal eathetei diamage into a watei tiap, oi with ap 
piopuatc negative picssuie suction Of the 00 cases of stveic ciushing 
inpiiies of the ehest tlieie was one death Autopsy levealed a seveie ceiebial 
laceiation m addition to the ehest mjuiv 

Intelligent management ot ciushing injures ot the chest lequnes a 
thoiough knowledge of the noimal phvsiologj of lespuation and of the 
distuibanccs of the physiology hi ought about bj the paitieulai tjpe of injuij 
under consideiation 5 “ The chest wall is “stove in” so that it loses its 
ugidity and becomes a flail chest If the ciushing foice is fiom tlie lateial 
dneetion, the pathology of the injury usually consists of finctuies in at least 
two places of multiple adjacent nbs on the side involved This lesults m a 
eential poition of the ehest wall which is floating This floating section 
moves in and out with lespuation in a icverse oi paiadoxical dneetion to 
the lest of the chest wall This type of lespuation maikcdh deeieases the 
efficiency of ventilation and is usually accompanied bv seveie pain that 
lcndeis the coughing mechanism ineffectual Moie often than not theic is 
associated a hemothoiax of considerable degiee togethei with rnaiked eon 
tusion and often laceiation of the lung, with extravasation of blood, edema, 
and letention of secietions r in the tiacheohionchial tiee 

If the blow is dnectlv ov ei the stemum, as ficquintlv oceuis in steeling 
wheel mtuiies, fiactuies of the stcinum inaj occm This tvpe of injuij is 
most fiequentlv associated with bilatcinl costochondral tiaetuies, usually 
fiom the fiist lib down, lcsulting in ail ixtieme flailing of the antcnoi poition 
of the chest wall 

Recogm/mg the above concept of the distuibed jihvsiology lcsulting 
fiom the flail chest with paradoxical motion it becomes evident that laige 
aieas of flailing must he stabili/ed m oidei to icstotc as closely as possible 
the normal phvsiologv The suipnsing thing to the phvsician olisoiving 
this phenomc non foi tin fiist tunc is the amount of icspnatoiv distiess, 
anxictv, pun md shock vvhuh can and dots n suit on occasions fiom ap 
puentiv sm ill aieas of paradoxical chest movement One is equallj ini 
piesstd bj the rnaiked impiovement in lespuation, lessening of nnxietj and 
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pain, mental clearing, and the return of normal cardiac action and blood 
pressure following some form of external fixation of the flailing segment 
of chest Avail. 

As can be seen from the treatment employed in our cases, external 
fixation may he accomplished utilizing a variety of methods. A perusal of 
the literature reveals many proposed methods of fixation, ranging from 
simple manual pressure over the flailing area as an emergency method, ad¬ 
hesive strapping of the involved side, sandbags to compress and stabilize the 
involved Aveakened segment, rolling the patient onto the flailing area , 7 traction 
exerted on stainless steel pins passed through the pectoral muscles over the 
crushed area, s toAvel clips or wires passed around the ribs or sternum in the 
involved area , 8 cup hooks used for sternal traction , 10 internal fixation of 
fractured ribs by intramedullary pins and/or Aviring of fragments , 11 to appli¬ 
cation of metal plates to the fragments of fractured sternum . 12 

We have utilized manual pressure as Avell as turning the patient onto 
the involved side so as to splint the thoracic Avail by the patient’s OAvn Aveight. 
This is particularly applicable in posterior fractures. Here Ave have the heavy 
thoracic muscles which act as a splint to prevent paradoxical motion, or 
minimize its extent. 

We have used sandbags applied over a lateral or anterolateral area of 
flailing to compress and stabilize the area Avith good results. It must be ad¬ 
mitted that Avith sandbags the area of compression causes a decreased volume 
of the involved hemithorax and a consequent decrease in the exchange of 
air on that side. IIoAvever, the vicious and dangerous cycle of paradoxical 
motion, mediastinal flutter, and “pendleliuft” motion is eliminated and more 
than compensates for the slight decrease in total lung volume on the iirvolved 
side. Adhesive strapping is mentioned only to condemn it as anything other 
than an emergency measure for short periods of time in order to transport 
a patient from the scene of an accident to a hospital. Adhesive strapping, 
to be effective, must be carried completely around the involved side and past 
the midline onto the normal side both anteriorly and posteriorly. This com¬ 
presses and restricts respiratory motion over a large area of normal chest 
Avail as Avell as over the flailing portion. The use of rib belts, girdles, or 
other encircling splints is also condemned. Traction exerted on Steinman 
pins passed through the pectoral muscles is particularly useful in large an¬ 
terior flailing chest Avail segments.® We haA y e used this method on occasion 
in addition to a method of sternal traction Avhich Avill be described latex'. 
This method of traction in anterolatex-al segments is preferred Avhei’e sand¬ 
bagging seems inadequate. ToAvel clips applied to the l-ibs or sternixm have 
been xxsed iix the past , 9 but they have been used in the present sei-ies only as 
emergency measures until some other method of ti'action could be instituted. 
Our chief objection to toAvel clips and to Avires lies in the fact that both clips 
and Avire have a tendency to cut through the tissues, even through hone and 
cartilage, and have at times come completely loose in as little as 48 hours, 
Avhich is considered inadequate time for stabilization of a flailing chest. We 
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have had no experience with intramedullary pins or metal plates. Thor¬ 
acotomy, with its attendant added risk, is reserved for those patients having 
either actual loss of chest wall requiring surgery for adequate closure of a 
penetrating wound, or intrathoracie complications which make immediate 
thoracotomy mandatory. In these eases we have resorted to wiring of the 
fractured x-ib fragments with very satisfactory results." 

For the last 10 years, we have utilized a simple method of sternal traction 
which we think oilers many advantages, particularly in fractures of the 
sternum with flailing and in fractures over large segments of the costochondral 
area. In 1949, two of us (Ij. S. and M. S.) after observing the use of external 
fixation of the mandible by the maxillofacial surgeons adapted this principle 
to external fixation of sternal fractures and extended its use to sternal trac¬ 
tion for such fractures and for costochondral fractures. 




Fig 1.—Bigelow screws—metal liar and traction spreader unassembled 

Fig. 2 —Bigelow screws—metal bar and traction spreader assembled 

The equipment used consists of Bigelow screws,® a pliable aluminum 
bar which fits into the slotted screws, a traction spreader (Fig. 1), a drill 
and hit, screwdriver, Balkan frame and weights. Everything except the 
Bigelow screws and bar are standard hospital equipment. The screws and 
bars are standard equipment on a maxillofacial service and are relatively 
inexpensive. On our service, a complete set is always kept sterile in the 
emergency accident room. Illustrated in Fig. 2, are the Bigelow screws, 
bar, and spreader. The screws are self-threading and each is provided with 
a slotted head and a retaining nut which screws over the slotted head. 

The technique of insertion of the screws into the sternum is simple, re¬ 
quires only small amounts of local anesthesia, and is relatively bloodless. 

•Bigelow screws manufactured by Axistenal Laboratories, Inc. Surgical Dhision. 224 
Bast 39th Street, New York 16, N. Y. 
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Utilizing: local anesthesia, skin wheals are raised at the proposed sites of 
insertion of the screws. Usually two screws are inserted in the midline above 
and two below the site of a sternal fracture. On occasion the fragments may 
be so comminuted that only one screw may be placed in a fragment. On 
rare occasions, because of multiple fragments, more than four screws must 
be used (Fig. 3). Anesthesia is infiltrated down to the periosteum of the 
sternum at the proposed sites of screw insertion. At each site, a small stah 
wound is made down to the sternum and a hand drill with the Crutchfield drill 
point*' is used to perforate the anterior cortex of the sternum. The drill 
point is guarded so effectively that there is minimal danger of penetrating 



Fir. 3.—Clown up view of traction apparatus applied to sternum. 

any further than the anterior cortex. The Bigelow screw is then inserted 
into each hole so formed and screwed into place. When the posterior cortex 
of the sternum is encountered there is a very definite sensation of increased 
resistance, and there is a lessening of this resistance when the posterior cortex 
is penetrated by the screw. Thus, with a modicum of caution and tactile 
sense, the operator may blindly insert the screw far enough to ensure a firm, 
strong fit, yet not so far as to impinge upon the heart or great vessels. If 
desired, a lateral x-ray of the sternum may be utilized to check the depth 
of the screws. However, we do not find this necessary. After insertion of 
all screws, the slots in the heads of the screws are aligned. The malleable 

•Crutchfield drill point manufactured by Codmiin and Shurtleff, Inc., 104 Brookline Ave¬ 
nue, Boston 15, Mass. 
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bill* is fitted into the slots, bending the bin- as necessary to fit the slots. The 
retaining nuts are screwed onto the head of the screws so as to retain the bat- 
in place. Not infrequently, in the case of sternal fractures with paradoxical 
motion, no further fixation is needed. However, should costochondral or 
parasternal chondral fractures exist, traction will be necessary. This is ac¬ 
complished by placing the patient in an orthopedic bed and running a rope 
from a clevis placed on the malleable bar up to an overhead pulley, thence 
to a pulley at the foot of the bed and adding from three to five pounds of 
weight as may be needed to stabilize the chest. In the case of parasternal 
and costochondral fractures, the traction on the sternum is extended through 
the soft tissues of the anterior chest wall to the site of the fracture. On 



Fig 4—Double bai traction to sternum with bilatcial costochondral rib fractuies and with 

uelRhts attached 

rare occasions the segment of flailing has been so laige that lateral muscle 
traction of the Hudson type* has also been necessary. A double bar with 
Bigelow screws may be necessary on rare occasion (Figs. 4 and 5). 

We feel that the advantage of simplicity of performance of this pro¬ 
cedure and the avoidance of a general anesthesia should definitely be con¬ 
sidered as opposed to thoracotomy with internal fixation. AYe consider that 
the advantages of this procedme, as opposed to wires or towel clips, lie not 
only in simplicity and avoidance of possible pneumothorax, but primarily in 
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the tact that properly placed Bigelow screws will remain in place much longer 
without cutting through the tissues. We have frequently utilized up to 12 
pounds of traction for 2 weeks. This period allows sufficient healing to 
occur so that paradoxical motion is eliminated when the traction is released. 
Subsequently the screws and external fixation bar may be left in place for 
another 2 weeks to ensure firm union of a sternal fracture. Occasionally 
there may be a semipurulent drainage from the screw holes for a few days, 
but we have had no cases of osteomyelitis We believe that the extra fixation 
afforded by the malleable bar fitting into the screw heads piovides a definite 
advantage over the modified cup hooks described by Rook 10 and utilized by 
Proctor and London. 1 

In addition to the use of some form of fixation of the chest wall, atten¬ 
tion must be centered on the maintenance of an adequate airway. This has 
been emphasized by others. 13 ’ 14 We frequently utilize nasotracheal suction 
and/or bronchoscopy It has been our experience that the vast majority of 



Fig 5—Blown up Men of double bar traction to sternum in bilateral costochonclial fractuie 

with se\ere flailing of chest 

these patients cannot be kept free of accumulated secretions without repeated 
nasotracheal aspiration. In addition to predisposing to laryngeal edema and 
further respiratory embarrassment, nasotracheal aspiration requires the con¬ 
stant attendance of a skilled and energetic nurse or physician. The same, 
with even more emphasis on the skill and energy of the physician, is true of 
repeated bronchoscopy. Still another shortcoming of these modes of treat¬ 
ment lies in the fact that they do nothing to cut down on the dead air space. 
The addition of a tracheotomy has been shown to decrease the dead air space 
by 75 to 150 c.c. 13 Aspiration of secretions may then be carried out by rela¬ 
tively unskilled help, there is less resistance to air movement, hence less 
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paiadox, and oxygen consumption is dceieased because of decieased nuiseulai 
exeition needed to lueathe 11 Theiefoic, if the patient is haling significant 
flailing oi anj signs of lcspnatoia distiess oi hypoxia, we loutmeh resoit to 
eaih tiaclieotoma 

The tieatnicnt of shock should follow the usual lines of blood icplace 
ment, nasal oi tiaclicnl oxvgen lelief of pain, etc ricquentb, the tieat 
ment of the pinnaiy lnymy of a flail chest will alienate the clinical signs of 
shock without blood oi plasma expandcis li mug to be used 

The tieatment of lntiathoiacic complications, such as hemothoiax and/oi 
pucumothonx, must, of tom sc, be handled intelligent!} m these cases If 
significant hemothoiax oi tension pncumothoiax exists, we prefci to utilize 
inteicostal cathetei and watei tiap dimilage with appiopnate suction- How 
earn, m cases of hemothoiax aml/oi pneumothotax of lessei degtee we often 
use eithei single oi multiple thoiaeentescs followed be fiequent, portable 
x lav studies The details ol tieatment of complications aie not the pi ounce 
of this papei Suffice it to say that we bobcat the best method of scaling oft 
a leak of ail oi blood fiom the lung lies m lapiel 10 expansion of the lung, 
appioximatmg aiscetal to panetal plema AVhcthei this is accomplished by 
needle aspnation oi intei costal diainage is lclatnely unimpoitint Thus 
we mdia idualwe the tieatment of these complications 

Necessaida, an injui\ of sufficient scaenta to ciusli a chest will usually 
pioduce multiple mJunes The appropnate treatment of orthopedic, ab 
dornmal, lieuiological, genitounnaij, and maxillofacial mjuiies must be car 
lied out concomitantly We would agiec with Daughtn r that tomt coopera 
tion and consultation between yanous specialists should be utilized How- 
cvei, in geneial, the most lapid killei m the group of multiple inclines will 
usually be the chest 1113111 v unless it is handled intelligently and piomptly 
The geneial suigeon with a good onontation towaid thoiacic physiology, 
01 in consultation with the thoiacic surgeon, should be able to tieat ade¬ 
quately these seaere and dangeious mjuiies 

SUM MARI 

Seveie crushing injuries ot the thoiax aie defimteh on the lnciease As 
a iesult, flail chest with paiadoxical motion is seen 11101 c often 

Distuibances in icspiratoiy physiology occui and it is mandatoiy that 
these be lemedied immediately In oidei to do this, the area of flailing must 
be stabilized 

Although many methods of stabilization haye been icpoited, and me cui 
1 ently used, none aie completely satisfactoiy 

A simple method of sternal fixation and ti action utilizing the Bigelow 
seteavs and bai is piesented, and our expcncnces avith this method me related 
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MIDDLE LOBECTOMY FOR TUBERCULOSIS IN CHILDHOOD 


David E Thomas, Lieutenant Colonel, A1C, USA* PboeniMille, Pa , 
and Dean Winn, Majot, MC, USA,** Demet, Colo 

RFX IFW OF THF LITER VTURF 

T hf middle lobe svndioine has icceixtd a gleat deal of attention since 
Hampton and King 1 desenbed the locntgcnoginphie changes consistent with 
atelectasis ot the middle lobe and demonstiatcd that ulint was called mtcrlobai 
empxema, pleural fluid, 01 thickened mtcilobai septa was acnciallv an niiless 
middle lobe Kent," m 1042, discussed 10 cases of atelectasis ot tnitons lobes 
associated with tubeiculous enlaiged hilar nodes m childhood He showed 
that the homogeneous densitx seen in \ lax studies did not lcpiesent tubeicu 
\^lous pneumonia Sexen of his 10 patients became bionchiectatic m the aica 
of mxolxcment aftci 7 months oi moic of cluomc lnonchial occlusion Ho 
felt that the piognosis was fax enable without opeiation Jones, Peck, and 
Willis 1 also demonstiatcd bionchicetasis, or no filling on bionchogiam, in 70 
per cent of a sizable senes of cases of pnman tubeiculosis with intnnsic oi 
extrinsic lnonchial obstiuction examined 1 xeai aitci the onginal diagnosis 
The pathogenesis of endolnonchial tubeiculosis m eliildien is piesented 
m a xerx thoiough and complete article bx Dah, Blown, Lincoln, and Wilking* 
Tliex pioxe bronclioscopicallv that endobionchial tubeiculosis is common m 
childien with tubeiculosis, paitieularh in xonngci eliildien, and that the 
middle lobe is most ficquentlx invohed Bionchoscopx lexcaled compiession 
oi fixation In nodes, sometimes obstiuction In mucosal inflammation, gianuloma, 
caseous matenal extiuded fiom a ruptuied node, or a fibrous stuctuio Pio 
gression fiom one lesion to another was obseixed Late manifestations of 
bioncluectasis, peisistent loentgenogiaplnc shadows, pioductixc cough, lales, 
and recurrent lung intection aie desenbed 

Graham, Bui fold, and Maxei,’ in 1948, lepoited 12 lesections foi the middle 
lobe sxndiome, all m adults, all with good lesnlts, and none foi tubeiculosis 
Tliej emphasized the \icious circle of obstiuction causing infection which ic 
suited in more h mpliadenitis Shaw and Paulson, r in 1949, stated that a 
collapsed middle lobe maj oi max not be associated with enlarged oi calcified 
Ijmph nodes, max be due to mucosal inflammation, foieign bodx, oi anj other 
form of obstiuction Middle lobectomx xvas recommended and cluonie pneu 
monitis, atelectasis, fibiosis, and bronchiectasis were described in the resected 
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specimens. Resection is also advised for the middle lobe syndrome by Harper, 
Condon, and Wierman, 7 who feel there is no definite syndrome associated with 
middle lobe collapse. Tuberculosis was found in 3 of 26 specimens, the re¬ 
maining ones showing chronic pulmonary suppuration and bronchiectasis with 
fibrosis. 

There is no unanimity of opinion concerning the treatment of choice in 
middle lobe atelectasis due to childhood tuberculosis. Perusal of the case 
reports null show that our 3 patients were discussed at great length repeatedly 
before undergoing thoracotomy and, in each case, surgery was performed al¬ 
though several physicians did not concur. In view of the controversy these 
little patients stimulated, an examination of their cases seems worth while. 



A B. 

Fig 1 —Case 2 A, Before surgery B, One year after surgery. 


CASE REPORTS 

Case 1.—Tliis 4 year old patient eontiacted tuberculosis in Germany at the age of 
15 months. He received streptomycin and para-aminosalicylic acid (SM-PAS) therapy 
for 14 months. Two years later, due to roentgenograpluc changes and a palpable lymph 
node in his neck, he was admitted to Fitzsimons Army Hospital. At this time the middle 
lobe was atelectatic. The child was asymptomatic. 

Physical examination repealed an occasional wheeze in the right middle lobe area, 
bacteriologic examinations were negative, bionchograms demonstrated no tilling of the 
middle lobe, and bronchoscopy showed granulation tissue obstructing the right middle lobe 
bronchus. Eepeat bronchoscopy 5 months later showed a clean, narrowed right middle 
lobe orifice. 

The patient was presented at staff conference four times in 5 months, and there was 
wide disagreement regarding the need for surgical inteivention. A middle lobectomy 
was performed, since this was the desire of the majority. A nodose lesion was also locally 
excised from the anterior basal segment. The postoperative course was benign. At surgery, 
the middle lobe orifice was noted to be markedly stenotic. 

Pathologic examination revealed bronchiectasis, grossly, and pulmonary fibrosis, micro¬ 
scopically, in the middle lobe. Tubercle bacilli were identified in the lesion fiom the anterior 
basal segment. 
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X-ray studios 3 years later revealed only minimal pleural changes at the right base. 
The child is well. 

Case 2.—This 3-year-old child contracted tuberculosis in Turkey when but a few 
months old. She arrived at Valley Forge Army Hospital 2 years later on SM-PAS 
therapy. She was asymptomatic. Films dated February, 1956, showed a right middle and 
lower lobe pneumonic infiltrate. The lower lobe lesion cleared hut middle lobe opacity 
was still present 7 months later. Bronchograms did not reveal bronchiectasis. Gastric 
cultures were positBe for tubercle bacilli. Bronchoscopy failed to reveal the etiology 
of the middle lobe atelectasis. 

Lobectomy was recommended the first time this patient was presented at staff con¬ 
ference. Thoracotomy 8 months after admission revealed a collapsed lateral segment of 
tho middle lobe. In the resected specimen, a fd>rin plug was found occluding the bronchus. 
There was no evidence of extrinsic pressure or intraluminal disease. Microscopically, no 
evidence of tuberculosis was found in the resected specimen. The postoperative course 
was uncomplicated, and 1-year follow-up revealed a normal child with a normal roentgenogram 
of the chest. 



.. VFAH-2074 


Fig 2 —Case 3 Middle lobe opened to show caseo-cavitary lesion. 

Case 3. —This 2-year-old Japanese-Amcrican child who was born in Japan had a 
chest rocntgcnogiam taken prior to .circumcision. This revealed what was interpreted as 
a pneumonic process in the middle lobe. As PPI) 1 was found to be positive, he was trans¬ 
ferred to Valley Forge Army Hospital where one gastric culture revealed Mycobacterium 
tuberculosis resistant to isonicotinic acid hjdrazide (IKH) as well as being catalase negative. 
The child was asymptomatic. INII-PAS therapy foi 6 months did not alter the roentgeno- 
grapliic appearance of middle lobe atelectasis. 

At staff conference this child was considered repeatedly for surgery at the request 
of the Pediatric Service. A variety of opinions were expressed by house and consultant 
staff and, although lobectomy was finally authorized, no unanimity of opinion %vas reached. 
A middle lobectomy was performed after 7 months of antituberculous therapy. A largo 
easeo-cavitary lesion with wide open bronchial communication was found. The postoperative 
course was benign and roentgenograms made 1 month after surgery revealed only minimal 
postoperative pleural changes. 
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DISCUSSION 

It is apparent that atelectasis of the middle lobe may he an asymptomatic 
lesion. A proper etiologic diagnosis is not always possible prior to surgery. 
Had we known that a fibrin plug caused the atelectasis in Case 2, surgery 
would not have been performed. On the other hand, all would have recom¬ 
mended surgery in Case 3 had we known that there avrs an open cavitary 
lesion in the middle lobe. On the basis of probability^ one Avould expect to 
find such lesions as bronchiectasis, pulmonary fibrosis, bronchostenosis, or ex¬ 
trinsic lymph node pressure, as reported by others. 

It is avcII known that patients of all ages do avcII after middle lobectomy, 
since the architectural arrangement almost precludes the commonest post¬ 
operative complications, bronchopleural fistula and space problems. These 
young children had smooth postoperative courses, can proceed through life 
without demonstrable tuberculous lesions, and further tuberculous activity 
may ha\ r e been avoided in 2 cases. 

As a Avarning, this type of surgery is often not easy. Dense fibrosis about 
the liilum makes the identification and isolation of arterial branches and the 
middle lobe bronchus a tedious and time-consuming process. 

SUMMARY 

Three cases of middle lobe syndrome from primary tuberculosis in infancy 
and young childhood are presented. The treatment of choice is lobectomy 
after an adequate period of antituberculous therapy. The etiology of the 
atelectasis is multiple. The pathologic findings vary and arc not ahvays pre¬ 
dictable. An uneventful postoperative course can be anticipated. 
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PARTIAL RESECTION OF THE ONLY REMAINING LUNG WITH 
THE AID OF RESPIRATOR TREATMENT 

Vtktng Oloi Bjoik, jM D, Uppsala, Sueden 

INDICATIONS 

R esiuritor tuatmcnt is indicated m c\ciy case of vontilatoij insufficient} 
legal dless of its cause, if bionchial aspnatious and a tiacheostoiny alone 
do not bring the pCO. back to a noi mat lei cl 

Yentilatoij insufficiency will occasionally be found m the postopeiatnc 
couise aftei any extensile intiathoiacic pioccduie on cithei the lung and 
the chest ivall the heait, the gieat icsscls, 01 the esophagus At this stage, 
when the patient’s oun lespnatoi} ivoik is insufficient and accompanied by 
caibon dioxide letention lespnatoi ticatmcnt maj be lifesaving 

When is then the light moment foi mtioduction of aitihcial 1 entilation? 
Clinical expeiienee and a caicful obsenation of these patients will usually 
make the decision easy If one is doubtful, an aitcnal punctilio with deter 
mmation of the pCO- is helpful 

Sufficient expeiienee has non accumulated so as to make possible, in 
ceitain cases the decision of postoperative lespnatoi tieatmcnt cien befoie 
the opeiation In this oient, all icspnatoij uoik is taken an ay fiom the 
patient in the postopeiatne period and an adequate ventilation is guaianteed 
Fuitheimoie the patient is lelievcd of all eftoit needed to bung up accumu 
lated seeietion as this will be aspnated at mtenals Theie will be no pain 
as the patient can lecene sufficient moiphia to contiol it without legaid to 
its effect on the lespnatoiy eentei Resection of pait of the only lemainmg 
lung is considoied a cleai indication foi postopeiatne lespnatoi tieatmcnt 
The fiist such patient operated upon befoie the mtioduction of the lespnatoi 
m thoiacic suigery died on the second day due to an aspnation pneumonia 
Foui subsequent patients have sunned, mamh due to the lespnatoi ticat 
lllOllt 

i 

TEOHNIQTO 

Aftei an expeiienee of moil than 200 cases of postopeiatne lespnatoi 
tieatmcnt, ceitam technical details have pioied impoitant 
The Tuichco'ttomy — 

A tiansveise skin incision is ]iietened It should be placed as low down 
on the neck ns possible foi cosmetic lonsons In some eases, the slon mil he 
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fixed to the trachea when the cannula is removed causing discomfort to the 
patient when swallowing. Then a plastic operation is required to free the 
skin from the trachea, and to interpose muscles in the midline between the 
skin and the trachea. This plastic re-operation cannot be satisfactorily per¬ 
formed if a vertical incision has been used. Furthermore, keloid formation 
is more common after a vertical incision. 

In the beginning, only an incision was made in the trachea; but one pa¬ 
tient with pulmonary complications after the closure of an atrial septal defect 
with the aid of a heart-lung machine was suffocated when the cannula slipped 
out and the inflated cuff compressed the trachea. Therefore, we always make 
a hole in trachea but, instead of excising a portion of the anterior wall of the 
trachea, this portion is left attached to the trachea interiorly, constituting 
a flap of the tracheal wall fixed to the skin by a catgut suture (Fig. 1). 

Advantages are (1) preventing the cannula from slipping down in 
front of the trachea below the tracheostomy; (2) the patient can breathe 
more easily through the opening in the trachea even in the first days if the 
cannula should become dislocated; and (3) if the flap is 4 to 5 mm. broad 
and has its base interiorly, an open tracheostomy facilitates the exchange of 
the cannula. This flap has not caused excessive granulation tissue and stric¬ 
ture formation. On the contrary, if the cannula is not left in place too long 
the flap will fall back and prevent excessive formation of granulation tissue 
through the stoma. 

It is very important to make the hole in the trachea as high as possible, 
preferably through the second, third, and fourth cartilages (Fig. 1, B). In 
cases in which a low tracheostomy has been performed, it has been very 
difficult to keep the cannula in place and the connection airtight. The rubber 
cuff on the silver cannula may be partly outside the trachea if the trache¬ 
ostomy is too low. When the cuff is inflated, the cannula may be pushed 
out of the trachea (Fig. 1, C). In one case in which the tracheostomy was 
too low, the cannula was repeatedly displaced when the cuff was inflated 
and the wound had to be packed with gauze around the cannula to make 
the connection somewhat airtight. 

A firm fixation of the cannula by the band around the neck is especially 
important in children difficult to keep in the same position. This band can 
quickly be cut and the cannula removed if occluded. 

The Cannula .— 

Rubber tubes should not be used due to the following disadvantages: 

(a) they are often too long, causing occlusion of one (the left) main bronchus; 

(b) they may not have the right curvature, causing pressure on the posterior 
membranous wall of the trachea with an esophago-tracheal fistula as a result; 
and (e) a rubber tube will soon be narrowed by dried up secretion. 

A silver cannula, on the other hand, is easily kept open, as the inner 
cannula can be taken out daily for cleaning. We have never seen an eso- 
phago-tracheal fistula caused by a rubber-cuffed silver cannula. The silver 
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Flpr 1A —-Diagram of the Incision in the trachea through the second and third cartilages 
with a flap of the anterior tracheal wall which maj be sutured to the skin 

B Diagram of the correct position of the cannula in the trachea Observe the ante!lor 
tracheal flap (-+) winch will prevent the cannula being dislocated to the space in front of 
trachea the flap will keep the stoma open and facilitate exchange of the cannula. With the 
high incision including the second down to the fourth tiacheal rings the rubber cuff will stay 
inside the trachea 

C Diagram of the wrong position with a low tracheostomy and the rubber cuff parti} 
outside the tracheal lumen thus displacing the cannula outward when the cuff is Inflated 
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fixed to the trachea when the cannula is removed cansing discomfort to the 
patient when swallowing. Then a plastic operation is required to free the 
skin from the trachea, and to interpose muscles in the midline between the 
skin and the trachea. This plastic re-operation cannot be satisfactorily per¬ 
formed if a vertical incision has been used. Furthermore, keloid formation 
is more common after a vertical incision. 

In the beginning, only an incision was made in the trachea; but one pa¬ 
tient with pulmonary complications after the closure of an atrial septal defect 
with the aid of a heart-lung machine was suffocated when the cannula slipped 
out and the inflated cuff compressed the trachea. Therefore, we always make 
a hole in trachea but, instead of excising a portion of the anterior wall of the 
trachea, this portion is left attached to the trachea interiorly, constituting 
a flap of the tracheal wall fixed to the skin by a catgut suture (Fig. 1). 

Advantages are (1) preventing the cannula from slipping down in 
front of the trachea below the tracheostomy; (2) the patient can breathe 
more easily through the opening in the trachea even in the first days if the 
cannula should become dislocated; and (3) if the flap is 4 to 5 mm. broad 
and has its base interiorly, an open tracheostomy facilitates the exchange of 
the cannula. This flap has not caused excessive granulation tissue and stric¬ 
ture formation. On the contrary, if the cannula is not left in place too long 
the flap will fall back and prevent excessive formation of granulation tissue 
through the stoma. 

It is very important to make the hole in the trachea as high as possible, 
preferably through the second, third, and fourth cartilages (Fig. 1, B). In 
eases in which a low tracheostomy has been performed, it has been very 
difficult to keep the cannula in place and the connection airtight. The rubber 
cuff on the silver cannula may be partly outside the trachea if the trache¬ 
ostomy is too low. When the cuff is inflated, the cannula may be pushed 
out of the trachea (Fig. 1, C). In one case in which the tracheostomy was 
too low, the cannula was repeatedly displaced when the cuff was inflated 
and the wound had to be packed with gauze around the cannula to make 
the connection somewhat airtight. 

A firm fixation of the cannula by the band around the neck is especially 
important in children difficult to keep in the same position. This band can 
quickly be cut and the cannula removed if occluded. 

The Cannula .— 

Rubber tubes should not be used due to the following disadvantages: 

(a) they are often too long, causing occlusion of one (the left) main bronchus; 

(b) they may not have the right curvature, causing pressure on the posterior 
membranous wall of the trachea with an esophago-tracheal fistula as a result; 
and (c) a rubber tube will soon be narrowed by dried up secretion. 

A silver cannula, on the other hand, is easily kept open, as the inner 
cannula can be taken out daily for cleaning. We have never seen an eso- 
phago-tracheal fistula caused by a rubber-cuffed silver cannula. The silver 
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1. First, the inspiration must start from a pressure of zero and slowly 
build up the pressure. In other words, there must not be a sudden pressure 
explosion with danger of damage to the lung parenchyTiin. Then a terrific 
speed of the gas, 7.5 L. per second, is needed to move the normal tidal air 
in an elastic way without danger for the alveoli. The maximum flow is 
reached at the maximum pressure. 

2. After the maximum pressure and flow comes a period of constant high 
pressure. “The plateau formation” equalizes the pressure in all areas of 
the lung and produces an even alveolar ventilation, even in the pressure of 
partial bronchial obstruction. 

3. The expiration may be only passive, or a negative phase is most often 
added. At the end of expiration the air does not move and the pressuio is 
zero. All credit goes to Engstrbm for having constructed such a respirator, 
which is the only respirator so far I have seen or tested that fulfills all these 
criteria (Fig. 3). 



F -S 3—TJie upper ciute shout the Intratracheal pressure, the lower, cum; iclitescnti the 
flow utilizing an Ungstrom tespuator tilth negatite phase iluiing expiration 

METHOD 

A. Constant Ventilation .— 

If possible, the patient should be instructed about the details of the 
respirator treatment before it is instituted. The patient may then better 
follow the machine. There is usually no difficulty in continuing the respirator 
treatment directly after an operation. If, however, this treatment is insti¬ 
tuted some days after the operation, it may sometimes be difficult to get the 
patient synchronized with the machine. "When the patient works against 
the respirator either it should be disconnected or the valves should be closed, 
preventing the patient from inspiring air from outside the machine. Giving 
repeated doses of morphia every 4 houis relieves all pain as well as making 
it easy for the patient to synchronize with the machine which wilHake over 



184 


BJoRK 


J Thoracic and 
Cardtovas Surg. 


all the respiratory work. The frequency and minute A'olume must he ad¬ 
justed to the size of the patient. An adult patient usually needs 10 L. ventila¬ 
tion per minute. A mixture of 50 per cent air and 50 per cent oxygen has 
proved to be satisfactory in most eases. 

B. Airtight Connection .— 

From time to time it is necessary to see that the ventilation is kept con¬ 
stant. The expired volume is measured, and if it is equal to the inspired 
amount, no leakage in the system is indicated. If the expired volume is less 
than the inspired volume, there is usually a leak around the rubber cuff on 
the silver cannula. At every inspiration some gurgling sound may be heard 



Fig 4—Fliotogiaph of the connection between the tiacheal cannula and the lespirator. The 
cork is iemo\ed foi introduction of a catheter for aspuation 

as the gas passes the larynx and out through the mouth or nose instead of 
into the lung. Careful observation of and listening to the patient may dis¬ 
close either that the rubber cuff is inflated too little or has ruptured and 
needs to be exchanged. Obviously the continous delivery of gas must be 
guaranteed. 

C. Continuous Cas Supply .-— 

There have been two accidents, one with a lethal outcome, in which 
the oxygen supply was emptied while the patient was connected in an air¬ 
tight manner to the respirator. Half the volume of air needed was not 
sufficient for a seriously ill patient during the time before detection of the 
error. 

D. Open Airway .— 

The trachea and the bronchi must be aspirated at intervals. The cannula 
is therefore connected to the respirator with a T-tube (Fig. 4). One need 
only remove a cork to introduce a catheter for aspiration. Secretions may 




Fig 5A—Case l X-ray study of a 2G-v ear-old woman having a giant cavity in the 
right upper lobe after a left pneumonectomy Organisms were resistant to INH PAS. and 
streptomycin Cavity repiesents a completely destroyed right upper lobe 



Fig. 52?—Csso 1 X-ray study mule 1 1 . vein*, uftoi the oper itlon 
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dry, causing obstructions in the airway. The inner cannula should be re¬ 
moved for cleaning and boiling daily. The easy passage of the suction cathe¬ 
ter shows that the cannula is in the right position and that it is not blocked. 
From time to time we have removed fibrin clots which filled the cannula. If 
the cannula is blocked by a clot that cannot be aspirated, the cannula must 
be removed quickly at which time the clot is usually dislodged with a cough 
of great force. If not, a bronchoscope is inserted for the removal of the 
obstruction. If dried up secretions are found, it is most important to inject 
10 ml. of saline solution into the trachea. This should then be repeated at 
intervals. 



Fijr. G—Case 2. X-ray study oE a 29->ear-old woman 3 jears after left pneumonectomy and 

nslit upper lobectomy. 

CASE REPORTS 

The following cases with partial resection of the only remaining lung 
represent an indication for institution of respirator treatment immediately 
after surgery. 

Case 1. —A. 26-jeai-old woman with bilateral pulmonary tuberculosis underwent left 
pneumonectomy in 1956. In 1957, a large cavity appeared in the right upper lobe (Fig. 
5.1). Organisms were resistant to isonicotinic acid hvdrazide, para-aminosalicylic acid, 
and streptomycin (she had received more than 200 Gm. of streptomycin). A right upper 
lobectomy was performed m the face-down position, followed by 4 weeks of respirator 
treatment. The patient was then able to take over the ventilation herself and made 





Fig 7Z?—Case 7 Roentgenogram made 4 a ears after rejection of tlie nplcoposttrloi and 
inferior lingular segment of the left uppei lobe following a previous right pneumonectomv 
I’aticnt can walk three stalls without being short of breath 
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an uneventful recovery. Two years after the operation ,(Fig. 5 B) this patient’s sputum 
was negative for tubercle bacilli. She had a normal sedimentation rate (7 mm.), and 
the vital capacity was 2,200 ml. She had no cough; she was no more dyspneic than 
before the operation but she felt very short of breath walking upstairs after having 
had a heavy meal. She worked all day with a 2-hour rest in the middle of the day. 
She cared for her home and two children, and did the cleaning and washing herself. 

Case 2.—A 29-year-old woman with bilateral pulmonary tuberculosis underwent left 
upper lobectomy in 1954 and right upper lobectomy in 1955. In 1956 she underwent a 
reresection of the left side resulting in a total pneumonectomy with an osteoplastic 
thoracoplasty, as the organisms were streptomycin resistant and she had a residual cavity. 
Postoperative respirator treatment was needed for ?> weeks. One year later she had 
a child by cesarean section and 3 years after the last operation she was doing house¬ 
work, taking care of her child and husband. An x-ray study (Fig. 6) shows the well¬ 
functioning remaining two lobes of the right side. The maximal breathing capacity 
was 65 L. per minute and her sputum was negative. The sedimentation rate was 7 mm. 

Case 3.—A 29-vear-old man underwent a righ pneumonectomy in 1954 for pulmonary 
tuberculosis. In 1955, a tuberculous cavity appeared in the apex of the left lung (Fig. 
7A). He then underwent a resection of the apicoposterior segment and the inferior 
lingula segment of the left upper lobe. Postoperative respirator treatment was necessary 
for 12 days. Tho patient then made an uneventful recovery and 4 years after the opera¬ 
tion he is working full time as a driver, and doing extra work in the evening, mounting 
television antennas on the roofs of houses. An x-ray study (Fig. 77>') shows no active 
tuberculosis. There is negative sputum, a normal sedimentation rate (2 min.), and a 
maximal breathing capacity of 70 L. per minute with a vital capacity of 2,300. 

SUMMARY 

Partial resection of the only remaining lung for open tuberculous cavities 
can be performed with safety for the patient as long as tracheostomy with 
respirator treatment is given in the postoperative period. Patients lose some 
pulmonary function, but subjectively they do not notice this loss, as the 
sputum disappears at the same time. All 3 patients have gone back to an 
active life; one also having delivered a baby, the second able to look after 
her home and two children, and the third is doing full-time work. All 
sputa are negative for tubercle bacilli. 
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STUDIES OF PULMONARY FUNCTION BEFORE AND AFTER 
PULMONARY RESECTION IN 450 TUBERCULOUS PATIENTS 

II Case Analysis of Patients With Large Loss of 
Vital Capacity and Maximum Breathing Capacity 

John T Mendenhall , M D , Ldna Ciee, M D, Howaid K Rasmussen, B S 
Helene Banei, A B, and John K Cm Its, M D, Madison, Wis 

A previous communication 1 tlescubeil the axciage loss of pulmonaiy func 
tion lcsultmg fiom a saiicty of opciations foi iemoial of tuberculous 
lesions of the lungs A close coil elation was shown between the amount of 
functioning lung tissue temoted and the loss of function, ns measmed G 
months postopcintnelj Theie is gcneiallj little significant clcciease of 
function m segmental and lobectomy opeintions Moie extensile lemoval of 
lung tissue, such as bilateial leseetions and pneumonectomy, mat cause lathoi 
latge loss of function In any senes of lescctions, a numboi of complications 
may occui which aie capable of piofoundly altering pulmonarj function It 
is impoitaiit foi the physician retelling patients foi lcscction, ns well ns 
foi the consulting suigeon, to know appioximatelj how much function mat 
lie lost in the cunt of complications ausing as a lcsult of lesection It is the 
puiposc of this papei to leticw the 150 tubciculous patients pietiouslv le 
poited and to select toi anal}sis those who had the gieatest postopeintno loss 
of sit'd capacitj and maximum breathing capacity 

MtTFRIU, VXD tIFTHODS 

The tital statistics and desenption of the methods used in testing the 
pulmonnii function of the 450 tubciculous patients maj be found in the fiist 
papei of this senes All patients iccened pulmonar} function sciccmng 
tests 1 to 2 weeks btfoit lesection and at an axciage time of G months aftei 
opciation It was shown that within this penod most patients legam their 
maximum function The patients who sufleicd the gieatest loss of utal capacits 
and maximum bieathing capautv weic tabulated The peicentage loss of 
utal capaeitj and maximum In < at lung eapacit} weie added together and will 
be designated as the combined loss A cut oft lcsel foi laige combined losses 
was then selected which included a icpiesentatnc sample foi patients ic- 
eeiung each t\pe ot opciation, excluding pneumoncctonn and decoitication 

, from tht feuigJeal uni Medical Dcpaitments "\ ctei *ns Vdininistratlon Hospital Madison 
\U<3 and the Lnhendtj of "Wisconsin Melical School 
Recched foi publication \pril 10 19»<? 
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RESULTS 

One hundred and eighty-nine patients underwent unilateral segmental 
operations. Within this group were 9 patients who had an average loss of 
18 per cent in vital capacity and 38 per cent in maximum breathing capacity, 
the maximum combined loss by a single patient in this group was 59 per cent. 
Lobectomy was performed in 123 patients, 7 had an average loss of 23 per 
cent in vital capacity and 36 per cent in maximum breathing capacity. The 
greatest combined loss in this group was 75 per cent. Fifty-three pa¬ 
tients were subjected to bilateral segmental resections, 4 had an average 
loss of 35 per cent in vital capacity and 35 per cent in maximum breathing 
capacity. The greatest decrease in function in this group was found in 2 
patients, each having 75 per cent combined loss. Review of patients under¬ 
going bilateral lobectomy and segmental resection showed that there were 
27 in this group, 7 had an average loss of 24 per cent in vital capacity and 
33 per cent in maximum breathing capacity, the greatest combined loss was 
62 per cent. Those having bilateral lobectomy only numbered 7 and there 
were 2 with average loss of 49 per cent in vital capacity and 49 per cent in 
maximum breathing capacity. In most of the patients there was a greater 
loss of maximum breathing capacity than of vital capacity. 


Tabtj: I. Complications op Various Types of Pulmonary Resections Resulting in 
Large Loss of Vital Capacity and Maximum Breathing Capacity 
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♦Thorax reopened. 

t43 pneumonectomies and 8 decortications not tabulated. 


Table I shows the types of surgical complications which seemed primarily 
responsible for large loss of function in 29 of the 450 tuberculous patients. 
It is seen that there is a random scatter of complications among the various 
types of operations. No particular resectional operation can, therefore, be 
said to favor a specific complication. Intrathoracic bleeding occurred 13 
times, requiring reopening of the chest to evacuate the clots and to ensure 
hemostasis. Extensive adhesions which resulted seem to be responsible for 
the loss of function in 3 of these patients. 

Persistent air space may be defined as the roentgenologic appearance 
of loeulated air usually at the apex, occasionally at the base, which persists 



Vol 59. No 2 STUDIES OF PULMONARY FUNCTION. II 191 

Fcbruar), I960 

for more than a month postoperatively. It is postulated that a tiny air leak 
is responsible for such occurrences. If the air is replaced by fluid and pleural 
thickening or eventually absorbed without operative intervention it is usually 
not classified as a bronchopleural fistula. Throe patients had this complica¬ 
tion resulting in large loss of function, although at the time of testing the 
spaces had disappeared. 

Preresectional and concomitant thoracoplasties are not performed at this 
hospital. Tn the patients having lobectomies in whom there are large 
spaces postoperative!}', which seem unlikely to he filled by the remaining 
Lung, it is customary to perform secondary thoracoplasty about 2 weeks fol¬ 
lowing the resection. Eighteen lobectomies were followed by thoracoplasties 
in addition to the one tabulated in Table I. The average loss of vital capacity 
in the thoracoplasty group was 15 per cent compared with 10 per cent for the 
entire group. Maximum breathing capacity data showed identical results. 
Seven patients had persistent large air spaces following resection and required 

rib thoi'acoplasties for closure, resulting in large loss of function. There 
were 2 other patients in the segmental group who required secondary thoraco¬ 
plasty and their change in function was only moderate. 

Atelectasis occurring postoperatively is usually handled satisfactorily 
by bronchoscopy. Severe atelectasis which did not clear rapidly following 
bronchoscopy occurred in one case of segmental resection. Atelectasis re¬ 
quiring thoracoplasty also occurred in one segmental case and one bilateral 
operation on the side of lobectomy. 

Fluoroscopy revealed extensive adhesions involving the diaphragm in 3 
patients with large loss of function. Four patients were noted to have 
paralysis of the diaphragm on the operated side diagnosed by elevation of 
the diaphragm and a positive sniff test seen by fluoroscopy. 

Seven patients in the scries have no obvious complications to account 
for the large combined loss of function. All were in the older age group and 
3 of these were noted to have diffuse emphysema. In the patients subjected 
to pneumonectomy, the loss of function is due primarily to resection of func¬ 
tioning lung tissue. This is especially apparent when the lung is removed 
for scattered disease rather than for destroyed lung, as was discussed in the 
previous communication. Space filling thoracoplasty also causes loss of 
function on the contralateral side. 

DISCUSSION 

A number of articles have appeared in the literature regarding changes 
in pulmonary function following pulmonary resection since the early paper 
of Conmand and Berry. 2 Proopcrativc and postoperative values arc now 
available for wedge resections, segmental resection, lobectomies, bilateral 
resections, and pneumonectomies. Only a few authors mention the impor¬ 
tance of complications and apparently no papers arc devoted primarily to 
complications leading to maximum loss of function. 
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Kraan, 3 in discussing resection in tuberculosis, draws attention to the im¬ 
portance of the intact 'diaphragm in preserving function. Phrenic avulsion or 
damage to the nerve during operation causing paralysis of the diaphragm 
may lead to marked loss of function. Van tier Drift 1 ’ s came to similar con¬ 
clusions. The complication of activation of tuberculosis in portions of the 
lung not removed is cited by Kraan, 3 but in our experience this is a rare oc¬ 
currence and has not greatly affected pulmonary function within 6 months 
after surgery. Such complications as bronchopleural fistula and empyema 
are frequently mentioned as causes for loss of function but these are not 
documented. A recent article by Kjork 0 lists the following complications of 
segmental operations without correlating loss of function: (1) air leakage, 
(2) accidental opening of a tuberculous cavity, (3) wound infection, (4) ven¬ 
tilatory insufficiency, (5) trauma to big vessels, (6) postoperative pain, and 
(7) spillover with infiltration in the contralateral lung. Complications such 
as persistent air space, air leakage, bronchopleural fistula, atelectasis of the 
lung, and empyema are frequently corrected by thoracoplasty. Gaenslei', 7 
Lindahl, 8 and Little 9 have shown that this procedure is apt to cause a further 
loss of function. On the other hand, plombage for filling uninfected spaces 
causes a lesser diminution of function. 7,9 

It should be emphasized that Table I does not include all the surgical 
complications that occurred in these 450 tuberculous patients, but only those 
which appeared to be associated with large loss of function. Furthermore, 
thei’e Avere occasional deaths. Some patients seA r crely ill from empyema or 
bronchopleural fistula Avere not available for retesting at the 6-month period. 
Statistics on a comparable series, including many of these patients, Avill be 
found in the Transactions of the 18th Conference of the Chemotherapy of 
Tuberculosis, Veterans Administration Armed Forces, 3959. 

The deA r elopment of postoperative paralysis of the diaphragm is Avorthy 
of special mention. In none of our 4 patients Avith this complication Avas the 
phrenic nerve cut or stretched at the time of operation. Great care Avas taken 
not to use the cautery to cut adhesions or control bleeding in the area tra- 
A r ersed by the phrenic nerve. The cause for the development of paralysis 
remains unexplained. We haA r e observed 1 patient, not in this series, avIio 
postoperatively had a paralysis of the diaphragm on the side opposite the 
operation Avhicli Avould seem to preclude direct injury of the phrenic nerve. 
That the loss of function is large, folloAving paralysis of the diaphragm, is 
sIioaati by the 4 patients in Table I; the combined loss for each Avas 61, 75, 
57, and 56 per cent. 

SUMMARY 

Four hundred and fifty tuberculous patients received pcooperative and 
postoperative pulmonary function tests. Twenty-nine patients had large 
losses in the vital capacity and maximum breathing capacity folloAving opera¬ 
tion. These cases Avere analyzed to determine the types of surgical complica¬ 
tions that occurred. Intrathoracic bleeding or persistent air spaces leading to 
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pliuinl thickening .mil .idhtxionx, piotiacltd atelectasis, .mil imp,uicd ilia 
phidgnmtic motion \\eic iound to Ik oltin associ.iti.il with a significant ic 
iluction ot tnnction Complications lupining second uj tlioiacoplast} also 
usultid m l.ugc loss ol sital capncitj anil maximum bieathing capacity 
In 4 patients, idiopathic p.ualjsix ot the iliaphiagin seemed losponsible foi 
nnp'Ui ment of icntilatoij function 
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RESULTS AND COMPLICATIONS OF PLEURECTOMY FOR 
BULLOUS EMPHYSEMA AND RECURRENT PNEUMOTHORAX 


Paul A. Thomas, Captain, AiC, USA,* and Paul W. Gebaner, M.D.,** 
Honolulu, Haivaii 

S ubtotal excision of the parietal pleura for the treatment of recurrent pneu¬ 
mothorax and giant bullous emphysema has been reported by other sur¬ 
geons. 1 ' 4 We have reported our experiences in a series of patients with pneumo¬ 
thorax.'’ In this paper, the results and complications of pleurectomy for pneu¬ 
mothorax are augmented by additional patients and the results with patients 
treated for bullous emphysema are recorded. Between August, 1951, and .June, 
1958, 41 patients had 45 (4 bilateral) operations. 

Of these patients, 2S were either in the military service, dependents of 
active duty service personnel, or were veterans who qualified for admission and 
treatment on the Surgical Sendee at Tripler U.S. Army Hospital. An addi¬ 
tional 13 patients were seen in the thoracic sui'gical practice of one of us 
(P. W. G.). The indication for surgery was recurrent spontaneous pneumo¬ 
thorax in 27 instances and in the remaining IS was bullous emphysema. The 
average age at the time of surgery for the patients with pneumothorax was 31 
years, with a range of 19 to 71 years. For those patients with bullous emphy¬ 
sema the average age was 39 years at the time of surgery with a range of 28 
to 70 years. 

We consider subtotal parietal pleura excision the most certain method of 
pleural space obliteration and superior to the instillation of irritants or other 
open methods. 

The first patient in this series was operated upon in 1951 for recurrent 
spontaneous pneumothorax. The second patient, for whom parietal pleurectomy 
was employed, submitted to staged, bilateral operations for giant bullous em¬ 
physema. The excellent result obtained in these 2 patients was encouraging 
and pleurectomy has since been incorporated as an important component of 
our surgery for these two conditions. 

In addition to the obvious indication for pleurectomy, obliteration of the 
pleural space, a secondary gain may be realized by revascularization of the 
lung. Barrett and Daley 0 reported the feasibility of providing increased blood 
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supplv to the lung hoin the depleuializcd chest null ioi the patients with 
tetialogj of Fallot teclmieall'v unsuitable foi tin Blalock 01 Potts opci at ions 
Crenshaw and Rowles 1 attempted suigical lcvasculaiization of the atioplue 
degeneiattd lungs of emphvsematous patients In this method The gloss patho 
logic changes in the lungs oi patients with spontaneous pneumothorax as seen 
at the operating table aic lomaikablj sumlai to those obsened in patients with 
bullous emphjsema in mam instances The single lcmaikable difference is the 
degiee of imolvement which is quite variable in am gnen patient We be 
lieve that spontaneous pneumothorax mas be the cniliest clinical cxpiession of 
an atioplue, degeneiatne alteration of the lung pnienclnma which will be 
lecogmzed in latei lite as emphysema Theicfoie, if the fundamental patho 
physiologv of emphjsema is a diminished pciiplieial pulmonai'j vasculantv, 
piogiession might be pievented bj eaih pleuicetoim 

The patients leported m this cxpencnce wcie accepted as candidates foi 
suigeiv with the following indications 

1 Spontaneous pneumothoiax with pcisistent an leak (one patient) 

2 Spontaneous pneumothoiax with bullous lesion demonstiablc In chest 
loentgenogram (7 patients) 

3 Spontaneous pneumothoiax, lecunent, unilateral, oi alternating bilateinl 
(17 patients) 

4 Spontaneous pneumothorax, simultaneous bilatcial (one patient) 

5 Giant emplivseimtous bullae with piogicssne compussion of function 
mg lung tissue (7 patients) 

G Giant emplnsematous bullae sjmptomatie (8 patients) 

In addition to excision of the pleuia suigen included lung lcpan bi un 
looting and oiersewing surface blebs and bullae with minimal sacufice of func 
tionmg lung tissue Resection of destioved bionchopulitiouaii segments oi an 
entile lobe was necessaij in onh 4 of 45 opeiatne piocodmos and is to be 
avoided as much as possible to piescivc maximum function Also, resection of 
the pulmonaii plexus of the vagus none was lecenth employed m 4 patients 
who had svmptoms of Inonchospasin in addition to pulmonai'j emphjsema 

Evaluation of postoperative lesults is based on obseirations which vaiv 
fiom 6 months to 6 jears Three patients died citliei duectlj oi indiiectlv as 
a consequence of siugerj The 38 surviving patients woie doing well when 
last seen Of the 25 patients followed aftei surgcrj foi spontaneous pneumo 
tlioiax, 5 have been obsened foi 2 and 3 jcais Tlieie have been no known 
lecuuenccs of pneumothoiax on the side of suigeiv Spontaneous pneumo 
tlioiax of the contialateial lung has oceuried m 7 patients since suigcij Tluce 
of these patients had episodes of pneumothoiax bilatciallj T , eithci alternating 
(2 patients) oi simultaneous (1 patient) pnor to suigcrv One of the patients 
subsequentlj submitted to a second opeiation to stabilize the second lung, otlieis 
mav be candidates foi further suigerv Of the gioup of patients tieated foi 
bullous cmplivsema, 5 have been followed 2 veal's oi longei The postoperative 
obseivation extends 5, 5%, and G vcais, i espectivelj, foi 3 of these patients 
Tliev aie all svmptomaticallv and subicetivelv impioved In two instances 
pain was a piimaij sj-mptom and this has been lelievcd 



396 


THOMAS AND GEBAUEIf 


J. Thoracic and 
Cnrdiovns. Surg. 


A truly objective measure of the status of these patients has not been pos¬ 
sible because complete bronchospirometrie studies were not done. Postoperative 
roentgenograms of the chest appear essentially normal in Ihe majority of pa¬ 
tients with minimal residual scarring in a few. Evaluation of preoperative 
and postoperative pulmonary function has been extensively investigated fol¬ 
lowing surgical obliteration of the pleural space by other investigators. 1 ' 7 Se¬ 
lected patients were evaluated either because of some interesting aspect of the 
postoperative course, or as a long-term follow-up examination. The results of 
vital capacity and maximum breathing capacity measurements are presented 




Fig. 1.—Pulmonary ventilatory function studies. 


in Fig. 1. Patient X. M. underwent right thoracotomy for giant bullous em¬ 
physema. There was little change in ventilatory function observed 2 years after 
surgery as compared with studies done prior to operation. The degree of intra- 
pulmonary mixing was normal, as well as measurements of residual volume. 
Patient -J. S. also revealed little change in ventilatory function after surgery. 
These studies were of particular interest because the patient had a complicated 
postoperative course with hemothorax, empyema, and required a delayed second 
thoracotomy for decortication some months after the pleurectomy which was 
done for bullous emphysema. Here again intrapulmonary mixing and residual 
volume determinations were normal and unchanged by surgery. The next pa¬ 
tient, W. S., Avas operated upon for recurrent spontaneous pneumothorax vritli 
associated bullae demonstrable by chest roentgenogram. Once again there is 
amazingly little change noted in the postoperative measurements as compared 
with preoperative values. Patient J. K. submitted to pulmonary function 
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studies G reais attu bilatci.il suigeir foi giant bullous <niplieseinii Picopcia 
tree studies aie not .nailable loi compaiison Vital capacitr and maximum 
breathing capacitr aie sliglitle less than picdictid noimal sallies Hoeeeeei, 
this patient icqniied lescetion o£ moic lung tissue than am othci in the series, 
the apical and postenoi segments of the light upper lobe and the entile left 
lippei lobe rreie lemoeccl The next pitient, T 0 , eras studied a reals aftei 
bilateial suigeir ioi giant bullous eniphrsema Tin second opuation rras com 
plicated br the derelopment ot imprcma Puhnonair function rras sigmficantle 
impnned m this lndiridual In addition to deeieased rital capacitr and maxi 
mum breathing capacitr, the patient had paiaeloxical motion of the light dia 
phiagm and meieased lesidual ail lolume The final 2 patients, 0 A and 
V T, rreie studied appioximatclr one real aftei suigeir had been peifoimed 
foi lecimont spontaneous pneumothoiax and giant bullous emplirsema, io 
spoetirelr The mcasuieincnts aie significant onlr in that no giosslr demon 
stiable lesidual lmpnimcnt is erulent Oui obseirations ot pulmonair func 
lion indicate that panetal pleiueetomr, in the absenee ot complications, does 
not appeal to lmp.in the ruitilatoir capacitr oi these patients 

Some of the most impoitant obseirations to be nude fiom this senes of 
cases concerns the complications of suigeir The opoiations at Tnploi US 
Aimj Hospital rroio peiioinicd foi the most pait br the lcsident staff of the 
suigicnl seirice In 21 instances the opeiatirc piocidines rreie done br one 
oi the othei of the autliois, the lcmainder rreie peitomied under the supei 
xisron of the thoiaciesuigicnl consultant fP \V (1) Theie hare been 3 deaths in 
this gioup ot patients since suigeir, a gross nioitalitj ot 7 pel cent Tiro 
of these deaths oecmrtd in the immediate postopeiatiro pciiod and one 10 eeceks 
follornng suigcrj 

In the fiist ease that ended fatallr, suigeir rras undcitakcn m an eftoit 
to salrage a monbund patient This mdiridual rras 71 reals of age and had 
maiked, crippling pulmoniie emplirsema In addition, lie had suffcied io 
pcated episodes ot life cndangei mg pnenmothoiaces orei the last ll/o months 
of life, rrlncli lcquucd inteieostal eathctei dccompussion of the plemal space 
and tiaclicostomr to pier cut total lespnutoie collapse lit rras also on digitalis 
foi caidiae decompens it ion Suigeir rras undertaken, rntli icseiration, he 
cause of increasing drspnea m spite of theiapr The patient lapidh tailed 
aftei suigeij m spite ot meeliaineallr assisted lespnation 

The next patient rras GO reals ot age rrith marked bullous emplirsema 
and pulmonair lnsuffieicntr Follornng opciation, the immediate postopeiatiro 
course rras unerenttul and the patient rras ehseli uged liom the hospital on the 
trrelfth dar aftei suigeir He letumed to he lcadimtteel to the hospital on the 
eighteenth postopeiatiro dir rrith signs and srmptoms ol \eute, fulminating 
lenal failun This pitient dud rrithin 2 dars m spile ol tlici ipr md it 
postiilcntem examiiiatioii i lorrei ncpliion nephiosis rr is ohseirid 

The thud tatal ease rras lemaikablc m tint the postopci itne couisc rr is 
compileiteel hr mine laetois and extended orei a 21/, month penoel Tins 
patient rras 37 jcus oL age and rras appaieutlj in good health at the tune 
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of the operation. The immediate postoperative course was complicated by 
hemorrhage of moderate severity over a period of 5 days. Blood loss was not 
massive during this time but the patient required transfusions daily. Sub¬ 
sequently, the patient recovered slowly to become asymptomatic with the ex¬ 
ception of a slight exertional dyspnea. Repeated thoracenteses were done but 
all residual air pockets and blood could not be removed Horn the pleural cavity. 
The patient was allowed to return home to be followed at frequent intervals 
as an outpatient. Successive chest roentgenograms showed progression of the 
pneumothorax space and increased pleural reaction. The patient was re¬ 
admitted 2 months following surgery for elective decortication of the lung. 
However, because of increasing dyspnea, anemia, and subsequent fever while 
in the hospital, surgery was withheld. Thoracentesis yielded purulent material. 
Within several days, fresh bleeding was detected within the pleural space, 
coincident with the development of a shower of cutaneous petecliiae. Within 
a very short time, ecchymoses, and gastrointestinal hemorrhage developed and 
the patient became comatose and died. Postmortem examination confirmed the 
terminal clinical picture of thrombocytopenic purpura of undetermined origin. 
In retrospect, the initial postoperative hemorrhage was probably an unrecognized 
manifestation of the abnormality although the patient had a normal bleeding and 
clotting time prior to operation. 

Any discussion of parietal pleurectomy always stimulates a question as 
to the amount of blood lost fi’om the large denuded area of the chest wall. 
With the exception of the case just cited this has been a contributing factor 
in the increased morbidity of one additional patient only. This individual 
required 3,500 c.c. of whole blood transfusion during and after surgery. He 
developed a hemothorax which became secondarily infected. The patient sub¬ 
sequently submitted to a secondary thoracotomy and decortication. Pulmonary 
function studies one year later revealed little change (Fig. 1, Patient J. S.) as 
compared with those done prior to surgery. The blood replacement was tabu¬ 
lated and found to vary between 500 to 3,500 c.c. per patient, excluding the 
patient with thrombocytopenia who required well over 10,000 c.c. during the 
postoperative period up to his death. The average blood replacement during 
and following surgery, therefore, was 1,300 c.c. In only 5 instances was more 
than 2,000 c.c. of blood replacement required. The amount of blood replace¬ 
ment following complete parietal pleurectomy is comparable to that amount of 
blood necessary following most intrathoracic surgical procedures, and is not 
considered excessive. From this experience, it would be wise to consider all 
possible conditions which might contribute to hemorrhage in the postoperative 
period before accepting pleurectomy as the responsible factor in any given 
patient with excessive bleeding. 

The complications encountered in this series of patients have been tabu¬ 
lated (Table I). It is interesting to note that the minor complications occurred 
primarily in the patients treated for pneumothorax as opposed to the group 
of patients operated upon for bullous emphysema in whom the major com¬ 
plications predominated. Any postoperative air leak beyond 5 days was 
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considered persistent. The longest period of postoperative air leak was 10 
days; all subsided with continued intercostal catheter drainage. Similarly, 
any residual air space discernible by chest roentgenogram after removal of 
the thoracotomy drainage tubes was recorded as a residual pneumothorax. 


Table I. Complication's or Surgery 


COMPLICATIONS 

| NO. CASES 

Minor 

1. Persistent air leak 

3 

2. Residual pneumothorax 

3 

3. Contralateral pneumothorax 

3 

Major 

1. Hemorrhage 

o 

2. Empyema 

2 

3. Atelectasis 

1 

4. Lung abscess 

1 

5. Lower nephron nephrosis 

1 

G. Thrombocytopenia, idiopathic 

1 


All residual air spaces resolved spontaneously, usually within a short period 
of time. The longest time required for resolution was 4 months in one patient. 
Contralateral spontaneous pneumothorax was recorded as a complication only 
if it occurred during the postoperative period of hospitalization. In only one 
instance was this sufficiently severe to require treatment. The major com¬ 
plications, with the exception of the single episode of atelectasis, occurred 
in the group of patients treated for bullous emphysema. This is, in part, 
a reflection of the older age of these patients as well as the more extensive 
pulmonary disease present at the time of surgery. The eight major complica¬ 
tions recorded were encountered in 5 patients following 5 operative procedures. 
Several of these have been discussed at some length. In addition to the patient 
with hemothorax who developed empyema, infection occurred in one additional 
patient following the second of staged bilateral operations. This was treated 
successfully by repeated aspiration and chemotherapy. Pulmonary function 
studies 6 years later in this patient (T. 0.) revealed some impairment of 
ventilatory capacity as previously noted (Pig. 1). One patient returned to 
the hospital on the thirteenth postoperative day, after being discharged, with 
a small, aspiration-type lung abscess in the left lower lobe. A good thera¬ 
peutic response to chemotherapy was obtained, with complete resolution in 
7 days. 

DISCUSSION 

Partial parietal pleurectomy has a definite place as a method of ob¬ 
literating the pleural space in patients requiring surgery for spontaneous 
pneumothorax and giant bullous emphysema. The immediate results following 
surgery have been gratifying in this series of patients. Several patients have 
now been followed 5 to G years without evidence of progression of lung bullae 
of a size sufficient to be discernible by chest roentgenogram. It is possible that 
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the additional increase in blood supply provided to tlie lung surface by this 
procedure will be of lasting benefit. In the absence of severe complications 
there is no indication that pulmonary function is jeopardized by this operation. 
The mortality following operation was not directly the result of pleurectomy 
although surgery was a contributing factor in each instance. If one continues 
to accept elderly debilitated patients with pulmonary insufficiency as candidates 
for surgery, this will be a deterring feature. Postoperative bleeding is not 
usually a major feature; however, when it does occur, it should not be too 
hastily attributed to pleurectomy lest one overlook other possible causes of 
hemorrhage. The usual blood loss associated with pleurectomy is comparable 
to that of other intrathoracic operations and has not been excessive. 

The total incidence of postoperative complication was 38 per cent of 45 
operations including 3 fatalities: Minor complications which did not in¬ 
fluence or prolong morbidity constituted over one half of the total or an in¬ 
cidence of 20 per cent. In only one instance was a complication of surgery 
responsible for residual impainnent of pulmonary function. Major complica¬ 
tions, which included hemorrhage, empyema, atelectasis, and lung abscess, occur¬ 
red in 5 of 38 surviving patients who submitted to 42 operative procedures, an 
incidence of 12 per cent. The high rate of surgical complications in this 
series should serve to caution those individuals who would recommend simul¬ 
taneous bilateral surgery for patients with recurrent spontaneous pneumothorax 
as has been advocated. 2 

Although the pathologic changes may be bilateral in a significant number 
of patients with spontaneous pneumothorax, only 7 of 26 patients have had 
clinically detectable pneumothorax of the contralateral lung since operation. 
This might have been anticipated in 3 patients who had episodes of contralateral 
pneumothorax prior to surgery. On the other hand, 2 patients who had con¬ 
tralateral pneumothorax at some time prior to surgery have not had recurrence 
since surgery. Therefore, only 25 to 35 per cent of patients requiring thora¬ 
cotomy for recurrent pneumothorax will have bilateral difficulties. Of these, 
not all will subsequently require a second operation. If all patients are sub¬ 
jected to simultaneous bilateral surgery, the larger percentage will have a 
needless or meddlesome operative procedure. The increased risk associated 
with such an undertaking does not seem to be justifiable at the present time. 

SUMMARY 

The following- observations have been made from this series of 41 patients 
who submitted to 45 thoracic surgical procedures which included partial 
parietal pleurectomy as an important component of the operation. Pleurectomy 
will obliterate the pleural space and in addition may provide a desirable in¬ 
crease in blood supply to the peripheral lung tissue. Postoperative results arc 
excellent in patients now observed up to 6 years following surgery. A sig¬ 
nificant mortality may be anticipated following surgery of this nature per¬ 
formed on individuals with marked pulmonary insufficiency or among those 
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m olclei age gionps l’o&topciatnc bleeding of alaiming magnitude should 
not l)e liastih attnlmtcd to the iau plcuial suitaie without fiist (Oiisideimg 
the possibility ot luptuic ol a maim blood yossel 01 some delect in the blood 
clotting mechanism as it causatnc laetoi The incidence ol suigieal com 
plications is ot such magnitude and senousness as 1o discouiagc am ill eon 
ceived idea that simultaneous lnlntcial suigen ot this natuie is not fiaught 
with gieat lisle to the patient 
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SUPERIOR VENA CAVAL REPLACEMENT WITH 
SPONGE TEFLON PROSTHESIS 

A Preliminary Report 

Richard }, Botham, Ai.D., Theodore T. Dracopoulos, M.D., and 
Joseph W. Gale, M.D., Madison, Wis. 

T he management of superior vena eaval obstruction lias remained a 
singularly perplexing problem to tlie internist and vascular surgeon alike. 
The literature review of Mclntire and Sykes, 1 published in 1949, contained 524 
cases of superior vena caval obstruction. In 1952, Veal and Cotsonas 2 reported 
their experience with sixty-one obstructions which involved either the superior 
vena cava or the innominate veins. The 61 cases in their series had been seen 
over a 15-year period at one institution. Failor, Edwards, and Hodgson 3 
recentlj r reviewed 33 necropsy cases of superior vena caval obstruction, all 
of which had been seen at the Mayo Clinic. Allansmith and Richards 4 re¬ 
ported, from a single institution, a series of 21 cases of superior vena caval 
obstruction in which attempts at surgical alleviation had been undertaken. 
The above-mentioned reviews indicate that superior vena caval obstruction 
is not an infrequently occurring entity. 

Primary malignant thoracic tumors are unquestionably the most common 
etiologic factor underlying superior vena caval obstruction. 1 ’ 3 However, in 
17 of the 21 surgically treated cases reported by Allansmith and Richards, 4 
the underlying etiologic lesion was noted to be of a benign nature. The in¬ 
cidence of chronic fibrous mediastinitis as a primary etiologic factor in superior 
caval obstruction has been variously reported as 12 to 15 per cent. 1 ’ 3 The 
latter lesion has an exceedingly poor ultimate prognosis if left untreated. It, 
therefore, behooves us to seek and develop a satisfactory means of surgical 
management for superior vena caval obstruction secondary to a benign causative 
factor. A consideration of the underlying disease process seemingly makes 
bypass or actual resection and replacement of the involved caval segment, 
perhaps, the most logical, as well as feasible, surgical procedure. 

Numerous procedures have been devised and applied experimentally and, 
on occasion, clinically. Atriocaval anastomosis, described by Gerbode and 
associates 5 in 1949, and the use of a pedicle tube created from the right atrium 
and atrial appendage, described by Riberi and Moore, 0 have both been reported 
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as successful pioceduies when applied expeumentallv Neithei ot these pio 
eedures appealed to us when consideimg the technical pioblems of then elm 
ical application since thev aie both limited with respect to the length of snpenoi 
vena cava which can be leplaeed Autogenous aoita lias also been used e\ 
pciimentalh toi snpenoi vena eaval lcplaccnicnt with a high incidence of 
success bv Mooie and Riben The magnitude oi such a pioccduie, and its 
piobabh significant associated moilndilv and moitalitj, has discouiagcd tis 
fiom consideration ot this pioccduie as clnncalh applicable 

Deteilnig and Bhonslaj' utilised autogenous venous tissue, enlaiged 
tluough the panel technique, as a means of expei imental snpenoi vena eaval 
leplaecment but found its use attended with a high incidence of failuie 
Aoita homografts and vanous synthetic piostheses have been applied ex 
pcumcntalh" 0 and have also been found to he unsuitable as \enous substitutes 
Allansmith and Eichaids 4 lcpoited vanous clinical successes with the use of 
artenal liomografts and lieteiogiafts, venous antogiafts, and a enmped njlon 
piosthesis Thev neglected to icpoit the delation of followup in their cases 
and stated that some ot the giafts weie thought to ha\o become obstiucted 
aftei sever'd months 

In spite of the above mentioned icpmts of failuie attending the use of 
synthetic vasculai prostliescs m supenoi \cna eaval leplaecment, tlioi seemed 
to us to he the most appealing logical, feasible, and applicable suigical pio 
cedurc Such a pioeeduie is olmoush dependent upon the development and 
utilization of a svnthotie mateiial whose plnsieal and chemical piopetties 
have minimal associated host leaction and a high incidence of success as a 
vasculai substitute 

We feel that these cliaiacteiistics arc mlioi ontlv embodied m Teflon which, 
to date, has enjojed considerable success as a vasculai piosthesis in aortic and 
aitonal leplaecment and bvpass pioecdures The puipose of tins repoit 
is to present oui expelicncc with the use of poions s]ionge Teflon, constiucted 
in the foim of a vasculai piosthesis, and its evaluation m experimental supenor 
vena eaval leplaecment 

VIVTFWALS AM) VIFTHODS 

Ilealthv mongiel dogs, weighing 17 to 30 kilogiams, weie used in this 
studv Anesthesia was induced with mtiavciions Nembutal m a dose of 30 
mg pci kilogiam of bodv weight Respiintion was maintained with the aid 
ot a cuffed endotiaeheal tube, and a mechanical lcspnatoi utilizing alteinatel} 
positiv e and ncgativ e pressuie 

In all animals, a light thoiacotomj was pcrtoinicd through the light third 
intercostal space The vena cava was dissected fiee fiom its attachment to 
the light atiium to include the right and left innominate veins The light 
innominate vein was ligated and divided to allow excision ot os long a segment 
of vena cava os possible The length and cucumfeiencc of the segment of 
vena cava to he excised weie measuied A giaft of sliglitlv laigei dimensions 
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was constructed from a Vs inch thick sheet of porous sponge Teflon. The 
longitudinal seam of the graft was doubly sewn with an over-and-over suture 
of 3-0 vascular silk in such a manner that the sutures were not visible within 
the lumen of the graft. That segment of the vena cava extending from just 
distal to the left innominate vein to just proximal to the azygos vein was ex¬ 
cised and replaced with the previously constructed prosthesis of porous 
sponge Teflon. A single row of over-and-over 5-0 vascular silk sutures was 
used for both anastomoses. Vena caval occlusion during the period of resection 
and anastomosis was maintained by the use of atraumatic curved clamps. The 
period of vena caval occlusion varied from 28 to 33 minutes. At the com¬ 
pletion of the procedure, the graft was not covered with pleura (Fig. 1). The 



Fig. 1—Poious sponge Teflon prosthesis leplacmg the superior \ena cava. Longitudinal 

seam of constructed graft re.idilv appatent. Phrenic ner\e along left side of gtaft. 

chest wall was closed in layers and a catheter was left in the right pleural 
space for 24 hours for aspiration of air and drainage material. Penicillin was 
given the day of and the day subsequent to operation. 

RESULTS 

The operation of superior vena caval replacement with a prosthesis con¬ 
structed from a sheet of porous sponge Teflon was carried out as described 
in 20 dogs. Maintained patency of the prostlieses was determined in all ani¬ 
mals by superior vena cava angiogram, autopsy, or both, from 1 week to 6 
months following operation. 

Four animals died at periods of 1 week to 2 months following the operative 
procedure. Atelectasis was the apparent cause of death in a single animal 
which succumbed 1 week following operation. Autopsy in this ease revealed 
a patent graft. A second animal died apparently from affects secondary to 
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occlusion of the graft as determined at the time of autopsy. A third animal 
succumbed to a respiratory infection and autopsy in this case revealed a patent 
graft. The cause of death in the last animal ivas not apparent at the time of 
postmortem examination and the graft in this ease was also found to he patent. 

Superior vena cava angiograms were performed on 16 animals. Twelve of the 
grafts were found to he patent for varying periods of 1 to C months (Pig. 2). 
Pour of the prostheses were noted to be occluded and this finding was sub¬ 
stantiated by subsequent animal sacrifice and autopsy. In 2 animals, although 
definite patency of the grafts was established, there was noted to be a narrowed 
segment within the graft. The latter animals have remained healthy and will 



> 


Fig 2—Supeiior vena cava, angiogiatn of an animal 4 months following insertion of 
porous sponge Teflon graft in the superioi vena cava Widely patent graft apparent with good 
v Isuallzcitlon of right auricle and ventricle 

ultimately undergo further evaluation to determine duration of graft patency 
and host reaction to the porous sponge Teflon piostheses. A single animal was 
sacrificed 2 1 /* months following operation to corroborate findings of patency, as 
previously determined by superior vena cava angiogram, and to allow gross 
and histologic evaluation of the fate of the prosthesis and the associated host 
tissue reaction. In this latter case, a widely patent functioning graft was 
found (Fig. 3). Eleven animals with patent grafts lemaiu well and will 
be maintained to allow ultimate long-term studies of duration of graft patency 
and gross and histologic host tissue reaction. 
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Graft patency, then, was maintained, as determined by superior vena 
cava angiogram and/or postmortem examination, in 15 of the 20 animals in 
the study for a maintained patency percentage of 75 per cent. 

The appearance of the graft lumen in the 4 animals who died or were 
sacrificed and had patent grafts varied with the duration of time subsequent 
to the operative procedure. The lumen of the graft obtained 1 week following 



A. 



B. 

Fig 1 . 3.—Sponge Teflon superior vena caval piosthesis removed from animal 2y. months 
following surgery. A shows graft on end with everted segment of vena cava and smooth 
lining of graft. B shows same graft opened with smooth lining at sites of anastomosis and 
within the graft lumen. 

surgery was noted to be lined with an adherent, fibrinous coagulum approxi¬ 
mately 2 mm. in thickness (Pig. 4). The lumens of the grafts examined 2 
weeks following surgery had a similar adherent, fibrinous lining, which in 
areas appeared to be less than 2 mm, in thickness as though the lining was 
undergoing a process of resorption in those scattered areas. The lumen of 
a, 0 rrvait Pvainined 2Vo months subsequent to surgeiy was noted to have a 
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smooth, shiny, thin lining as though completely endothelized (Fig. 3). The 
suture lines in all four patent grafts examined were well healed as early as 
1 week following surgery (Fig. 4). 

Postmortem examinations performed on animals, after a period of a month 
or greater had transpired since surgery, revealed densely adherent fibrous 
tissue reactions about the grafts. Although the fibrous tissue about the graft 
could be stripped from the external surface, it appeared to be intimately ad¬ 
herent as though invading the graft proper. Histologic studies of canine 
host reaction to implanted pm oils sponge Teflon, carried out prior to and in 
conjunction with this study, revealed to us that the sponge Teflon is actually 
invaded by host fibroblastic reaction and is well incorporated into the body 
by the host fibrous tissue reaction. A more detailed description of canine host 
tissue response to implanted porous sponge Teflon will appear in a subsequent 
report. 10 



IfflinTltllllinta 

Fip 4—Porous sponge Teflon prosthesis removed from animal one week following: sur¬ 
gery The graft was patent and functioning Thin adherent fibrinous coa&ulum is seen lining 
the graft lumen Good healing seen at sites of anastomosis 

DISCUSSION 

Certain features inherent in synthetic vascular prosthesis which make them 
highly desirable are worthy of review. Among these are their ready avail¬ 
ability in varying sires. The sponge Teflon used in this study was obtained in 
flat sheets, % inch thick, which were malleable enough to allow construction 
of varying sized tubes. The grafts, as we constructed them, were admittedly 
somewhat crude and of necessity contained a longitudinal seam. Hue to the 
fact that the material was % inch thick, we were, with some practice, ultimately 
able to construct a prosthesis without the suture material presenting within 
the lumen of the graft. We hoped that this would lessen the chance of initiat¬ 
ing clot formation at the site of the longitudinal scam. Seamless tubes of the 
same material in varying sizes would obviously be more desirable than our 
somewhat crudely constructed grafts. 

A highly desirable characteristic of Teflon is the fact that it may be 
autoclaved without significant alteration of its physical properties. To 
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ensure asepsis, all of the Teflon used in these experiments was autoclaved prior 
to construction and implantation of the prosthescs. The physical character¬ 
istics of the sponge Teflon, in the thickness used, allowed a significant degree 
of firmness of the grafts and prevented collapse of the implanted prosthescs, 
an obviously desirable feature when considering the problems of a vascular 
substitute for replacement in such a low pressure system as the vena cava. 
A graft which is easily collapsible in a low pressure system, or readily com¬ 
pressible by a normal fibrotic tissue response, has obvious liabilities as a 
venous substitute and was therefore avoided. 

The excellent experimental and clinical results of others with the use of 
Teflon prosthescs as arterial substitutes appeared to us an additional reason 
for experimenting with its use in the venous system. Although we were initially 
concerned with the host reaction to Teflon in the sponge form, implantation 
studies, previously alluded to, revealed to us that the material would, in fact, 
ultimately be invaded by host fibroblasts and be incorporated within the host 
fibrous tissue reaction. The porous sponge Teflon contains interconnected 
spaces which allow growth of fibroblastic tissue into and ultimately completely 
through the prosthesis, a factor apparently necessary in any synthetic material 
if it is to be accepted by the host as a vascular substitute. The incidence of 
successful vena caval replacement with a synthetic substitute, which was 
achieved in these studies, stands in sharp contrast to the rather high incidence 
of failure with the use of other synthetic prostheses similarly employed and 
previously reported by others. 8 Although excellent results have reportedly 
accompanied the experimental use of fresh autogenous aorta as a vena caval 
replacement, its use entails a far more formidable procedure than the use of 
a readily available synthetic prosthesis. If, then, similarly excellent results 
can be obtained with the synthetic prosthesis, it would seem to be the more 
desirable procedure. 

We are cognizant of the fact that our prostheses have been evaluated for 
periods of only up to 6 months following surgery but we feel that the results 
achieved, to date, with the rather crudely constructed grafts, justify this 
report. 

Last, the incidence of the maintained patency of 75 per cent of the porous 
sponge Teflon prostheses, which was achieved in these canine studies, makes 
the use of similar Teflon prostheses as venous substitutes worthy of more de¬ 
tailed and extensive investigations. Such studies are currently under way in 
our laboratories. 

SUMMARY 

The experimental use of porous sponge Teflon protheses for superior vena 
caval replacement in canine animals has been presented. The results obtained, 
as reported herein, justify more extensive investigative amplification. If the 
results achieved in these studies are maintained in long-term evaluation studies, 
the clinical utilization of porous sponge Teflon as a superior vena caval pros¬ 
thesis is indicated. 
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OPERATION OF THE ROLLER PUMP FOR 
EXTRACORPOREAL CIRCULATION 

Louis R. Head, M.D.. Joop P. Coenen, M.D.,* Enrique Angola, M.D.,** 

Cid Nogueira, M.D., David Mendelsohn, M.D,, and 
Earle B. Kay, Ai.D., Cleveland, Ohio 

T he Kay-Cross rotating disc oxygenator lias now been used in over 250 
operative procedures. It has proved itself to be a safe, simple, and efficient 
method of oxygenating blood. Over 150 cardiac centers where this oxygenator 
is employed, either clinically or experimentally, have substantiated this view. 
The development of convoluted discs increases the gas exchange surface by 
40 per cent over the flat surface discs. 1 

Two different types of pumping systems have been used in conjunction 
with the Kay-Cross disc oxygenator in this hospital. Sigmamotor pumps were 
used initially and performed quite satisfactorily. However, laboratory studies 
on pump output, arterial line pressure, hemolysis, and perfusion led to the use 
of the Pemco type of De Bakev roller pumps. These pumps have been used 
in the last 100 patients with what is considered to be a marked improvement in 
perfusion management. The hemodynamic aspects of this pumping mechanism 
are reported in this paper, and the principles used in carrying out perfusion 
pumping are stated. 

DESCRIPTION OP THE PEMCO ROLLER PUMP 

The Pemco roller pump! in its present form is shown in Pig. 1. A system 
of rollers compress a rubber latex pump chamber over a 200 degree are with 
a circumferential distance of 11 inches. No valves are used. A manual 
variable speed control ranges between 0 to SO r.p.m. The distance of each 
roller from the pumping tract can be adjusted by a small screw which alters 
its center of rotation in relation to the roller arm and thus its distance from 
the tract. The roller system may be removed from the central pump shaft 
and systems containing two, three, and four rollers inserted into the pump. 
(Pig. 2). The rubber latex pump chamber may be varied in size for optimum 
stroke volume and flow rate. 

From the St. Vincent Charity Hospital, Cleveland, Ohio. 
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Tygon tubing is used to connect the pump chamber to the aiterial cannula 
and to the oxygenator. A 3 foot length of 1/2 inch intcinal diameter tubing 
is used to the oxygenator, a 7 foot length of % inch internal diameter tubing 
to the aiterial cannula The arterial cannulae aie 3 1/2 inches long. Each 


Fig. i 



Fig 2 

i 1 — T,,e Pemco roller pump w 1th adjustable rollers rubber latex pump chamber, 
14 Inch extension as depulsator, Tjgion tubing- and the arterial cannula 
Fig 2—The two three and four roller systems 

consists of a stainless steel connector and Teflon tubing The American wire 
gauge numbering system is used in refeuing to cannula sire. 

LABORATORY STUD1FS 

Each of the -variable aspects of the pumping system, i e , the roller setting, 
the number of rollers, the chamber size, and the cannula size -was studied in 
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regard to the manner in which its alteration alone affected: (1) pump speed, 
flow rate, and arterial line pressure; (2) blood damage as indicated by 
hemolysis; and (3) perfusion of the patient as indicated by arterial pressure, 
flow, and vascular resistance. 

methods 

1. Pump Calibration .—Calibration of flow was done with blood at room 
temperature with the arterial cannula directed into a graduated cylinder 36 
inches above the oxygenator reservoir. Flow per minute was determined at 
intervals of 10 r.p.m. Stroke volume was calculated as flow divided by 
revolutions per minute times the number of rollers in the system. 

2. Arterial Line Pressure .-—A No. IS needle connected to a Statham 
transducer, which recorded on a Sanborn 150 recorder, was directed against 
the blood flow in the output end of the rubber latex pump chamber. This is 
the point of maximum pressure in the pump system. The resistance to flow at 
this point results from the Tygon connecting tubing, the cannula size and 
length, and the hydrostatic pressure equal to the distance between the blood 
reservoir and the 1 ip of the arterial cannula in the graduated cylinder. 

3. Hemolysis .—This is expressed as the change in the level of plasma 
hemoglobin with each passage of blood through the pump. Plasma hemoglobin 
was determined by a modification of the method of Hunter. 2 The recirculating 
system used to analyze the role of the pump in the production of hemolysis 
was the same in every way as that used during perfusion except that the 
rotating discs were left out of the oxygenator and no sump suction was fed 
into the system. In this way, the resulting hemolysis reflected only that 
produced by the pumping mechanism. Studies carried out with the discs in 
place and rotating indicate that there was no significant detectable damage to 
the blood from this source. In order to eliminate differences in red cell 
fragility and hematocrit, each series of tests were run from the same pool 
of blood. Fresh dog blood, anticoagulated with heparin, was used in 1,500 
c.c. aliquots for each test run. Ten cubic centimeter samples of blood were 
taken from the arterial end of the oxygenator bottle at 15-minute intervals 
for runs of from 1 to 3 hours. The total hemolysis for each run was calculated 
as the difference in plasma hemoglobin in milligrams per cent, from the 
beginning of the inn to the end. The hemolysis per blood passage was 
calculated from the flow rate, the circulating pool size, and expressed as 
milligrams per cent plasma hemoglobin. 

4. Perfusion Studies .—Adult mongrel dogs, anesthetized with intravenous 
pentobarbital and anticoagulated with heparin, were perfused with the heart- 
lung machine. The arterial cannula was placed in the femoral artery. Venous 
blood was returned to the oxygenator through cannulac in each vena cava 
connected directly to the venous pump. Perfusion is coni rolled by maintaining 
a constant blood level in the oxygenator, and a normal venous pressure in the 
superior vena cava. This is correlated in con.iunction with the appearance 
of the conjunctival vessels to maintain a constant blood volume and normal 
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blood piessme m tlic patient In all instance'!, ulieic tlic effects of tlie pump 
on peilusion wuc being ileteilmnei], tlie lieait uas open and enipt\ so that 
its actum could not affect tin peilusion Aoitic pussmes ucio lccoidcd 
lioni a I itlutu nisi lied into tlic abdominal aoita tluough tlic fcmoial aitciv 
Piessiuc m tlie aiteml line uas taken m the tubing licni tin aituial cannula 
The giadieut aeioss the aiteii.il cannula uas cilculated as the diffeience 
bellieen the mean aitenal line piessiuc and tlic mean aoitic piessme In 
calculating the giadieut aeioss the animal’s laseulai si stem, the light aiuieulai 
piessme nas consideied to be zeio, tlie lcsistancc of the laseulav si stem being 
e\piessed as tlie latio of tlie piessme giadient betueen tlie aoita and the 
light aiuiele to the calculated flou late 

Foi cluneal pei fusions, the lanablc aspects of the pumping si stem must 
be adpisted to pioduee the flou late selected ioi the mdiiidual This and the 
size of the aitenal cannula used aie laigeli deteimmcd bv tlie patient’s ueiglit 
and tlie calibei of the superficial fcmoial aiten Since both these factois 
aie lclntisels fixed foi each patient, the data on pump peifoimanee aie 
piesented fiom this standpoint, that is, to pioduee a gnen flou late through 
a specific cannula 

RFSUL.TS 

Tables I, II, III, and IV piesent the data obtained fiom the studies on 
pump hemodinamics These aie self explanaton 

Bi tightli oceluding the toilets, the amount of blood dostiaction pel 
passage tluough the pump is mticased (Table I) Bi adjusting the lolleis 
to he lionoeelusise, the laigo back flou tluough the pump dceieascs the stioke 
jolume to the extent that oxccssneh lapid pump speeds me nccessan to 
pioduee a sufficient flou late With this setting, the aftect of the lcsistancc 
m tlic pel fused subject maikedlj changes the calculated flou of the pump 

Tuiir I Tub Effect of Rollep Setting os Elow Rate, Pomp Speeu, Arterim Lixf 
Pffssupe Flow Reduction \\ ith Resistance, and Hemoiasis Using thf Tuo RoLLEr 
PlmcO Pump With a 14 Inch I D Chamber \np a Xo 10 Artepial Caxnuia 


KOI.LEP SETTIXO_{ XOVOCCIUSnE* j JUST NONOCCLIISn Ft | TIGHT OCCLUSUFt 


F Ion (cc/min) 

2,000 

2,000 

2,000 

Pump speed (rpm) 

50 

23 

21 

Strode -volume (cc) 

20 

42 

48 

Arterial line pressure (mm Hg) 

410/240 

400/200 

420/180 

Pulse pressure (mm Hg) 

Decrease in flow at 3G in lijdro 

170 

200 

240 

statie pressure 

200 

100 

0 

Hemoljsis m mg % per passage 

0 045 

0 054 

0 ooo 


•Nonocclushe ‘Jetting — 300 cc/min bock flow it 3G in inclrostatic pressure 
Uusl nonocclusUc setting no back flow ut 38 In li> drostatlc pressure 
tTight occluslte setting = no back flou nt mi arterial line pressure 


Tlieiefoie, tlie just lionoeelusii c setting, lit compiomismg betueen these tuo 
settings, dtcieases hemoljsis and peimits onto a small hack flou This is the 
lollei setting used m all ot the pump studies Because of this just iionocelusii e 
lollei setting, the pump must he calibrated against a simulated lcsistancc, 
and theie is a loss in stioke jolume until an meicase in the aitcnal lino 
piessme (Table II) 
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Table II. The Effect of Pomp Speed and Cannula Size on Stroke Volume With the 
Just Nonocclusive Setting of the Rollers 


R.P.M. 

STROKE 

VOLUME 

cannula no. 6 
(c.c.) 

CANNULA NO. 10 
(C.C.) 

10 

66 

39 

20 

53 

32 

30 

55 

31 

40 

53 

31 

50 

49 

30 

60 

48 

30 

70 

47 

29 

SO 

47 

28 


The addition of rollers to the pumping system (Table III) shortens the 
effective pumping tract and decreases the stroke volume without decreasing 
the distance that each roller must travel during the pump cycle. Therefore, 
hemolysis is markedly increased. The addition of four rollers to the pumping 
system extends the speed range of the pump from 160 to 320 strokes per 
minute, without significantly increasing the flow rate. When the stroke volume • 
is reduced by adding rollers, a given flow can be pumped with a lower pump 
speed in revolutions per minute than when the same flow rate is pumped 
using fewer rollers. 


Table III. The Effect of Roller Number and Chamber Size on Arterial Line Pressure, 
Pump Speed, Stroke Volume, Pulse Pressure, and Hemolysis When Pumping 2,000 c.c./ 
Minute Through a No. 30 Arterial Cannula With the Pemco Roller Pump Set to be 

Just Nonocclusive for Blood 


Roller number 

2 

4 

2 

2 

Chamber size in inches I.D. 

% 

% 

% 

% 

Plow (c.c./min.) 

2,000 

2,000 

2,000 

2,000 

Pump speed (r.p.m.) 

33 

41 

24 

76 

Stroke volume (c.c.) 

30 

12 

42 

13 

Arterial line pressure (mm. Hg) 

390/190 

410/150 

400/200 

420/200 

Pulse pressure (mm. Hg) 

200 

260 

200 

220 

Hemolysis in mg. % per passage 

0.40 

1.0 

0.06 

0.50 


The configuration of the pulse pressure curve within the pump is influenced 
by the length of the pump tract (Fig. 3, A). By lengthening the tract, the 
ejection of the stroke volume is prolonged and the maximum pressure and 
flow sustained over a larger portion of the pump cycle. This is in contrast 
to the action of the heart wherein the major portion of the stroke volume is 
ejected in one tenth of the cycle. 

Decreasing the size of the pump chamber decreases the stroke volume, 
but necessitates an increase in pump speed from 24 to 76 r.p.m. in order to 
maintain the flow rate (Table III). This limits the flow range at which the 
smaller stroke volumes can be used. By enlarging the chamber, the flow range 
of the pump is extended. The hemolysis produced by the 3/8 inch pump 
chamber is significantly less than that seen when an equal reduction in stroke 
volume is produced by the four roller system (Table III). 

Enlarging the internal diameter of the arterial cannula, either by using 
two vessels of the same size or placing it in a single larger vessel, significantly 
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lowers the uiteiial line picssuic at which a gi\en How is reached (Table IV). 
This lowering ot piessmc and, thus, piessure gradient across the arterial 
cannula, is not, however, associated with a significant deciease m the let cl ot 
hemolysis 


» • * I ■ | * I ■ I l 

\ * \ * \ t V '» » .» ’ 

i/ \r N* N V rv •' 

: , 1 r ■ 

* V \ \ V V'-. = * 


TWO ROLLERS 


FOUR ROLLERS 


ARTERIAL LINE AORTIC PRESSURE AORTIC PRESSURE 

PRESSURE IN DURING PERFUSION IN MM. HG 

MM. HG WITH HEART STOPPED HEART ALONE 






—I 

-EH Hi 

' 

tstiis; 


• S 


128/72 


128/76 


systems® 3— ' t| Art ' r1,11 line pulse piessuie curtos usm K the Pemco tuo nml four rollei 

"l' “f -t; rc " i 7Vl‘ ‘‘ cur 'r‘ aurini; pel fusion « itli a two roller romco 

heat t atone ' ° b d Ao 10 eunnul i compared to aoitie pressure rune with the 

The significant factor responsible for hemolysis fiom the pump is the 
compiession of the pump chamber by occlusive rolleis (Tables I, III, JV, and 
V). Stroke solume affects hemolysis only as it influences pump speed The 
piessurc gradient acioss the art Cl ia t cannula does play some role in blood 
damage, but cjuantitatitcly this is small. The absolute level of the arterial 
line prcssuie has no influence on hemolysis (Table A T ). 
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Table IV. The Effect of Cannula Size and Number on Pump Speed, Stroke Volume, 
Arterial Line Pressure, Pulse Pressure, and Hemolysis When Pumping 2,500 c.c./ 
Minute With a % Inch Pump Chamber of a Two Poller Pemco Pump 


Cannula size 

No. 10 

No. 6 

No. 10 (2) 

Flow (c.c./min.) 

2,500 

2,500 

2,500 

Pump speed (r.p.m.) 

39 

31 

22 

Stroke volume (c.c.) 

32 

40 

57 

Arterial line pressure (mm. Hg) 

600/390 

230/30 

170/40 

Pulse pressure (mm. Hg) 

Hemolysis in mg. % per blood pas- 

210 

200 

130 

sage 

0.4 

0.3 

0.4 


Table V. Comparison of Pump Speed and Arterial Line Pressure in the Production of 
Blood Damage Expressed as Plasma Hemoglobin in Mg. % Resulting From the 
Circulation of Blood Through the Pemco Roller Pump Set to be Just Nonocclusive for 

Blood 


Roller number 

2 

2 

4 

4 

2 

2 

Pump speed 

20 

60 

20 

60 

60 

60 

Arterial line pressure 

— 

— 

— 

— 

272/112 

640/440 

Cannula size 

None 

None 

None 

None 

6 

10 

Priming volume 

1,500 

1,500 

1,500 

1,500 

1,500 

1,500 

Length of run (min.) 

60 

60 

60 

60 

60 

60 

Flow per minute (c.c.) 

1,675 

4,440 

1,190 

3,366 

3,950 

2,360 

Total blood passage 

67 

172 

42 

130 

130 

81 

Total hemolysis 

Total hemolysis per blood passage in 

32 

66 

33 

141 

37 

33 

mg. % 

0.4S 

0.4 

0.79 

1.0 

0.3 

0.4 


The effects of the roller type of pump on the hemodynamics within the 
blood stream of the perfused subject is presented in Tables VI, VII, and VIII. 

The level of aortic pressure during perfusion is related to the flow rate 
as long as the quantity of blood in the perfused subject remains constant 
(Table VI). However, the relationship between flow and aortic pressure is 
not a linear one, the higher flow rates being associated with a decreased effect 
on blood pressure. In the normal individual, this, in all probability, is a 
result of the moderator reflexes originating from the carotid sinus and 
tending to maintain a constant arterial pressure over a wide range of cardiac 
outputs. 3 In situations encountered during open heart surgery, where 
abnormally large quantities of blood are returned to the heart chambers via the 
coronary sinus, bronchial arteries, or incompetent aortic valve, this relationship 
does not hold. Under these circumstances, the rate of flow has little effect 
upon the level of aortic pressure beyond a certain point. 


Table VI. The Effect of Flow Rate on Pulse Pressure, Mean Aortic Pressure, and 
Vascular Resistance in a 16 Kg. Dog Using a 3 Roller Pump With a i/> Inch Chamber 

and a No. 10 Cannula 


Cubic centimeters per kilogram 

50 

75 

90 

170 

Cubic centimeters per minute 

820 

1,230 

1,470 

2,800 

Pump speed (r.p.m.) 

15 

25 

32 

60 

Stroke volume (c.c.) 

18 

16 

15 

15 

Mean aortic pressure 

60 

70 

80 

100 

Aortic pulse pressure 

8 

8 

8 

4 

Vascular resistance (mean pressure/flow) 

0.07 

0.06 

0.05 

0.04 


The pulsations within the aorta are considerably dampened -when compared 
to those in the pump lines and in the blood stream when perfusion is carried 
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on bj the healt action (Table VII) This depulsatcd flow pioduced bi the 
lollei tipe ot pump lesults liiamh fiom the continuous natme of its pumping 
action The dilution of time dui mg the pump cicle that the l oilers aie not 
functioning is slioit This buef penod is that in which the piessuie 
fluctuations ocem (Pig 3, B) The width of the pulse piessuie in the noita 
is also affected b\ the stioke loluine and the piessuie giadicnt acioss the 
aitenal cannula (Tables VII, VIII) Incieasing the stioke lolnme from 17 to 
70 c c doubles the pulse piessuie m the aoita 



Fip 4—Arterial line pressure with and wit unit a 14 Inch depulsatoi 


Tawf Vir The Effect of Stfokf Volume on Pump Speed, Artekiai Line Ppessupi, 
Aortic. PrFSsupE \mj tjif Aortic Puisi Pkfssupf When Tloiving 700 rr Pfr MiNurr 
Tupouch a No 0 Cannuia Using tiif RoriEr Pump and tiif Sigmamotoi Pumi 


Pump type and chamber 

2 roller 3/8 m 

2 roller *1/4 in 

Sigmnmotor 3/8 m 

Floiv (c c /min ) 

700 

700 

700 

Pump 9pced (rpm ) 

20 

5 

114 

Stroke volume 

17 

70 

6 

Arterial line pressure 
(mm Hg) 

168/100 

168/108 

168/64 

Aortic pressure 
(mm Hg) 

120/108 

128/104 

72/60 

Aortic pulse pressure 
(mm Hg) 

12 

24 

12 


Iadil VIII Tiif Effect of Prissure Gradient on Tloh Rati, PuMr Si eld, Shoe? 
\OEUME, AorTIC PrESSUUE, AND AORTIC PULSE PPFSSUTE USING A 2 ROI EEP PFMCO PUMl 
With a % Inch Chamber and No 9 and No 12 Aptepi \l Canmjeae 


Cannula number 

9 

12 

Flow (cc/min) 

1,050 

1,050 

Pump speed (rpm) 

30 

40 

Stroke volume (c c ) 

Arterial line pressure 

18 

13 

(mm n g ) 

Vortic pressure 

208/80 

780/380 

(mm Ilg) 

Aortic pulse pressure 

72/60 

108/88 

(mm Hg) 

12 

20 
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The pressure fluctuations within the pump tubing reflect the differences 
in elasticity between it and the blood vessels. Here in the pump tubing the 
pulse pressure increases as the arterial line pressure rises and the tubing 
becomes inelastic. The elasticity in the pump assemble can be increased by 
extending the rubber latex pump chamber from 7 to 14 inches beyond the 
pump output head (see Fig. 1). This decreases the line pulsations by lowering 
the systolic pressure and raising the diastolic. There is no change in flow 
rate, mean line pressure, or hemolysis resulting from this rubber dcpulsator 
(Fig-. 4). 

DISCUSSION’ 

From these studies it is apparent that the Pomco roller pump is capable 
of producing a pump flow with a variety of characteristics. The range of 
stroke volume may be adjusted between 3 and 70 e.c. The number of strokes per 
minute can be controlled between 0 to 320. The rollers can be adjusted 
so as to control the back flow through the pump. The pulsatile characteristics 
of the flow may be controlled by adjusting the elasticity of the pump tubing 
and the level of pressure gradient across the arterial cannula. This range of 
adaptability makes the pump suitable for incorporation into any system of 
extracorporeal circulation. It allows the characteristic of the pump flow to be 
regulated, within limits, to incorporate a variety of perfusion concepts. 

The method of perfusion control developed for the Kay-Cross disc 
oxygenator, as used during the past 250 operative cases, has been outlined 
under methods of perfusion. The following method of pump assembly has been 
found to facilitate the operation of this perfusion. It has lowered the level of 
hemolysis resulting from cardiac bypass with the pump oxygenator. It has 
not been associated with any detectable disadvantages. 

1. Hemolysis .—Three considerations have been employed to reduce blood 
damage. The rollers are not tightened to completely occlude the pump chamber. 
The three and four roller systems are not used. The speed of the pump during 
perfusion has been reduced by adjusting the stroke volume of the pump. 

2. Flow Characteristics .—A flow as nonpulsatile as possible is used both 
through the patient and the extracorporeal system. This is done by not using- 
large stroke volumes or high pressure gradients. Small stroke volumes are 
also avoided, since the associated increase in pump speed raises hemolysis. 
Rubber latex depulsator tubing is used on both the arterial and venous pumps 
as a means of further decreasing the pulsatile characteristics of the flow 
occurring from the use of intermediate stroke volumes. 

3. Pump Speed .—All patients are perfused in the same range of pump 
speed, between 30 to 60 r.p.m. This is done by correlating the size of the 
pump chamber with the arterial cannula to be used so that the stroke volume 
of the pump will be such that a pump sliced of 40 r.p.m. will produce a flow 
rate of 75 e.c. per kilogram per minute. This places what may be considered 
the patient’s resting cardiac output in the center of the pump speed 
range at a pump speed equal to the normal heart rate, 80 heats per minute. 
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This mancuici calibiates the pump speed l.inge to fit the patient being peifused 
It aliens flow rates up to 170 ee pci hilogiam pci minute to be admimsteied 
to the patient b\ adjusting the pump speed 

4 Piesswc Gradient —A single .internal cannula placed into the femoial 
arteij thiough the supetficial tenioial aiten is used m all instances The 
safety of the pump connections has been considered to be the majoi factor m 
adiusting the piessrue giadient acioss the .iitcual cannula If the maximum 
piessuie in the aitenal line is below 500 nun Hg, it is beliesed to be in a safe 
lange if the connections me piopeiK fixed Thoie is no majoi advantage to 
be gained fiom the standpoint of hemohsis oi flow late bv maintaining the 
lowest possible piessuie giadient between the pump and the patient 

With the pump speed cabin ated to fit the patient, the pump speed 
appioximateh that of the licait late, and a nonpulsatilc flow, the perfusion 
is smoothly contioiled A steadi flow fiom the icnous cannulac, a smooth 
surface of the oxigeiiatoi blood leicl, and a small pulse piessuie in the 
ascending noita f me all consideied to be ad\autageous cbaiactciisties obtained 
fiom this tipe of pump opciation 

A compaiison of sinnlai gioups of piticnts perfused foi the lepan of 
\cntnculai septal detects with the Sigmamotoi pumps and with the Pemeo 
t\pe of lollei pumps, indicates that the total leiel of hemohsis has decieased 
fiom an niciage ot 88 mg jiei cent to 44 mg pci cent 

It should be kept in mind that this tipe ot perfusion docs not exact]} 
lepioduee the pumping action of the heait 4 ’ Rcpioduction of the caidiac 
action during perfusion, although moie jihisiologic fiom a tlieoieticnl point 
ot new, would present seuous disad\outages when used with an extiacoipoieal 
oxigenatmg system and method of perfusion dependent to some extent on 
nonpulsatilc flow As tlieie hare been no detnmcntal effects of this tape of 
perfusion on the patient, it is telt that theie is little to be gained in modifying 
the pump to be less continuous The una\oidable existence ol a piessuie 
giadient between the pump and the patient, the advantages of a nonpulsatilc 
type of flow fiom the standpoint of oxt genntoi function, and the desnabilitv 
of eliminating huge piessuie fluctuations m the aoita while the left aimcle 
is open, 0 all conti lbute to the suitability of a continuous flow pump in this 
type of extiacoipoieal cnciilation 

sumji \R\ 

Hcmodjiiaiinc studies on the Pemeo tape of lie BaUei lollei pump 
indicates that it can be adjusted to opeiatc occlusnch oi nonocclusn eh The 
speed ot the lolleis can be mcieased so as to pioducc up to 320 stiohes of the 
lollcis pei minute The xtiohc loliimc can lie iniied between 3 to 70 ec 
Elongation of the pump cliombei liicieises the elasticity m the pump tubing and 
acts as a depulsatoi 

The niajoi laetoi icsponsiblc foi hemohsis due to the jimnp is the 
eompicssion ol the jnimji ili.iinlioi In oeclusne lolleis and the numbci of 
stiokes pel minute to juodiicc i giien flow The multiple lollei sistein 
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containing three and four rollers, although extending the speed range of the 
pump, significantly increases hemolysis. The level of the pressure gradient 
and the size of the stroke volume have little quantitative role in blood damage. 

A method of pump operation wherein the pump is calibrated to fit the 
cardiac output range of the patient, the pump speed approximately that of 
the heart rate, and the flow of a nonpulsatile quality, has been found to 
produce little hemolysis, to be easily controlled, and to work well with the 
Kay-Cross disc oxygenator. 

This type of perfusion has been used in over 100 operative cases. It has 
lowered hemolysis without changing the nonpulsatile characteristics of the flow. 

We wish to express our appreciation to Dr. Matthew Levy, Director, Department of 
Research, St. Vincent Charity Hospital; Andre Lux, Clinton Blazek, and Janet Osborn for 
technical assistance, and to Harry Macko, medical technologist, for chemical analysis of 
plasma hemoglobin. 


REFERENCES 

1. Kay, E. B., Galajda, J. E., Lux, A., and Cross, F. S.: The Use of Convoluted Disc in 

the Rotating Disc Oxygenator, J. Thoracic Surg. 36: 268, 1958. 

2. Hunter, F. T.: The Quantitation of Mixtures of Hemoglobin Derivatives by Photoelectric 

Spectrophotometry, Springfield, 1951, Charles C Thomas, publisher, p. 91. 

3. Levy, M. N.: The Relationship Between Pressure and Flow in the Systemic Circulation 

of the Dog, Circulation Res. 2: 372, 1954. 

4. Green, H.: The Physical Principles of the Circulatory System in Medical Physics, 

Chicago, 1950, Year Book Publishers, Inc., Vol. II, p. 248. 

5. Balmson, H. T.: Characteristics of an Ideal Pump for Extracorporeal Circulation in 

Extracorporeal Circulation, Springfield, 1957, Charles C Thomas, publisher, pp. 9-14. 

6. Kay, E. B., Nogueira, C., Head, L. R., Coenen, J. P., and Zimmerman, II. A.: The 

Surgical Treatment of Mitral Insufficiency, J. Thoracic Surg. 36: 677, 1958. 


VACUUM REGULATOR FOR CARDIOTOMY RETURN 
AND CHEST DRAINAGE SYSTEMS 


N azih Zuhdt, AI D ,* Gaimaii Ktmmell, John Catey, /VI D ,** 
and Allen Gieei, /II D ,*** Oklahoma Ctt), Okla 

T he ustnu method of legulatmg the amount of suction applied to the eaidi 
otomy leturn system dunng open heait suigen or to the pleural cants 
following cardiopulmonaiy suigery is governed bv the submergence of an open 
end glass tube below the svatei 01 meituis level in a contamei subjected to a 
source of suction 1 " In ordei to mciease the amount ot suction, the depth of 
submergence is increased, a plastic tube at the end ot the an \ent is occluded 
01 several bottles are placed in senes Often the lesultant vacuum is not knoivn 
Encumbianeo of the setup, breakage of the containeis oi air sent tube, spillage 
of vvatei and mercurj, and leaks mound the fittings 01 the coiks aie additional 
factors winch justif\ the constiuction ot a small, inexpensive, simple, durable, 
and accurate lacuum lcgulatoi t 

DFSCKIPTION ttsD PERFOUMAtvCF or VACUUM BEGUL1T0R 

Pig 1 shows the external appeaiancc ot the regulator and Pig 2 the de 
tails of its constiuction It is about 9 cm in diameter and 13 cm m height 
It has a cential knob that indicates, m centimeters of mcrcurj, the amount of 
vacuum that will be held The knob applies a toice thiough an InconelJ spnng 
to a scat disc which leacts to the vacuum and legulates the amount of loom air 
admitted into the line connecting the source of suction to the contamei The 
lesultant vacuum is maintained close to the setting ot the knob (Pig 5) The 
vacuum lange of the legulatoi is a function of the lnnci spnng At piesent, 
the lange is fioin 0 to 10 cm of meicury, maikcd m centimetci graduations 
Pig 3 demolishates the position of the legulatoi m the caidiotomj letmn sys 
tem during open lieait suigcij and Fig 4 m pleural drainage Fig 5 depicts 
the piessure flow chaiacteustics of the vacuum legulator 
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VACUUM REGULATOR FOR CAKDIOTOMY RETURN 
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y i K 3—Position of \acuum reKulatoi in curdiotom> teturn ltcadiness and slmpUcltj are 

major features 



Pip 4 Position of logulator In pleural drainage Accurate ni( asurements of blood loss arc 
feasible ami \acuum pressure chmpts in*stantl\ accomplished 
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- NCQ WALL SUCT/ON REGULATOR 

- VACUUM RELIEF REGULATOR 



FLOW RATE - LITERS OF AIR PER MUVUTE 

Fig. 5.—Flow-pressure characteristics of vacuum regulator up to 20 L. per minute are 
shown together with the control characteristics of wall suction installation (NCO 238-. r >0V). 
Vacuum pressure changes of only 0.5 cm. Hg occur with air flow rates from close to 0 to 20 
L. per minute. 

CONCLUSION 

A vacuum regulator is described for the cardiotomy return and pleural 
cavity drainage system. It is small in size, dependable, unbreakable, and the 
vacuum applied is know and maintained at all times. 
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THE DESIGN OF MONITORING DEVICES FOR USE 
WITH A PUMP-OXYGENATOR 

Vernon Montgomei), AID, PhD,* Btuce C Paton, MRCP, FRCS, 
jack Luceio , and Hemy Swan, A! D, D Sc, Deniei, Colo 


T HERr has been much discussion, since tlie use of pxtiacorpoieal cir 
dilation became uidcspicad, about the piinciples of peifusion that Mill give 
optimal tesults In tins hospital the pioblem has been appi cached, not on 
the basis of high or Ion flous but bv attempting to maintain the blood gas 
lelationslnps Mithin noimal limits It is felt that it sufficient oxvgenated blood 
is piovided bv a pump oxjgenatoi to maintain a reasonable peifusion piessuie, 
and if the quantitv and late of dein on oi oxvgenated blood results in a noimal 
aitenal venous oxygen diffeienee, then adequate peifusion has been attained 
The actual amount of blood peifused m cubic contimeteis per kilogtam pei 
minute varies from patient to patient, but as judged bv the o\>gen consumption 
of the patient and the adequaev uitli ulucli this consumption is met, tlie pel 
fusion is adequate 

In 01 del that pei fusions maj be conducted according to these pnnciples, 
monitoiing deuces ha\e been intioduced into the extiacorporeal circuit It 
is necessarv to inomtoi simultaneous!} and continuously artenal and venous 
owgcn tensions and aitenal pH in the machine In addition, in the patient, 
mean artenal and venous picssures, elcctioencephelogram, tempeiature, and 
electiocaidiogiam aie also measuied The arterial oxygen tension and the 
pump speed deteiuune the disc speed lequncd At a given pump speed, the 
gieatei the disc speed the gi eater the degice of ox}genation obtained The 
pump speed is deteimined bv the peifusion pressuie, the venous o\}gen 
tension and the electioencephalogiani A small aiterml venous oxjgen diffei 
ence is taken to mean o\erpcifusion and too large an aitenal venous oxvgen 
diffeienee indicates underpeifusion 

Contiol of caibon dioxide tension m ai-tcnal blood as estimated bv pH 
is acomplished bv alt cling the pei cent carbon dioxide in the gas “respited’ 
in the oxjgenatoi Two gas mixtuics of ox}gcn and caibon dioxide con 
taming 2 pei cent and I pci cent, lcspectivelv, aie used A total flou of about 
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12 L. per inimite is satisfactory and, by varying the proportions of each mixture, 
the percentage of carbon dioxide can be altered and, thus, the pH maintained 
within normal limits. 

The pH is measured by a Beckman Zcromatic meter which reads continuously 
and has a self-correcting device actuated every second. It is accurate to within 
plus or minus 0.05 pH and is thoroughly reliable and simple to operate. At 
the start of each perfusion, a sample of pump blood is taken off and its pH 
read on a Beckman Model (t meter and the calibration of the Zeromatic meter 
is thereby checked. 
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Fig. 1.—Membrane-covered polarograph. 


The need for continuous monitoring of pO~ necessitated the design of 
special electrodes (Fig. 1). The electrodes used arc modifications of the 
Clark 1 polarograph. The electrode unit is in two parts; an inner core con¬ 
taining the electrodes and an outer chamber enclosing the electrode assembly. 
The platinum electrode lies in the center of the core and is divided at its 
middle. The separated ends dip into a sealed pool of mercury and in this 
way electrical contact is maintained while the differences between the co¬ 
efficients of expansion of Teflon and platinum are eliminated. The silver 
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eleetiode lies .ilong tlio oulsulo ol tin lok ami its tip enciiclcs the Teflon lod 
A Teflon membrane, 0 002 inch thick and 0 r i inch in diamctu, is held in place 
o\ei the end of the elcetiode ihambci In a lcmocable collm 

Tlio use of Teflon latliei than otliei plistics penmts the electiode to be 
autoclacod This is done with the eleetiode disassembled To icassemble the 
unit, the membianc is fust seemed in position and the eleetiode chambei filled 
until noimal saline solution Duiing filling, a small seiew plug is lemoied 
floin the side of the chambei tlnough which an bubbles mat escape tvlule the 
eleetiode assembly is being sciewed into position When the lip ot the platinum 
eleetiode is siifficicnth ndianecd becond the end ot the chambei to make the 
mcnibiane tense and slightly tented, the lock nut on the assemble is tightened 
No turtliei change can then oceui m the position of the eleetiode tip 


Blood Inlet Tubing Connector Nut Blood Inlet 



The polarogiaphs aie connected with encuit control units so calibiatcd 
as to legistoi oxygen tensions dnecth The encuit used in this unit is sinnlni 
to that described be Scveimghaus and Biadlee 1 but has been modified to 
delisoi a potential difference of 0 7 colt acioss the electiodcs 

Tjndei both expeumental and clinical conditions, these polaioginplis have 
been found to tenet almost instantly to changes m oxegen tension, but ate 
not so seiisitne as to be difficult to contiol Tliei aie not alfcctcd bi changes 
in tcmpeiatuie oi piessmc in the blood but slight changes oceui m the read 
mgs m ith i ai lations in blood flow i ates 

In oulci to intioduce these elcetiodes into the encuit, special adaptois 
liaie been designed to house them (Fig 2) At tlie lenous end, the adaptoi 
consists of a simple tube with a side bole into which the polaiogiapli is seicwed 
This adaptoi also has nnothei attachment to which a shoit cneuiting tube 
fiom the aitciinl end ot the cnemt foi use duimg the pcnod of oquilibiation 
before peilusion mac be attached At the aiteml end tin adaptoi is mole 
complicated and is located between the outflow tube liom tin oxe geiiating 
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cylinder and tlie arterial pump. It consists of a Y junction rejoining the blood 
flows from the two oxygenating cylinders and in the sides of which are screw 
plugs containing a polarograph, thermistor, and two pH meter electrodes. The 
dimensions of the adaptor are given in Table I. 


Table I 




| VENOUS ADAPTOR 

| ARTERIAL ADAPTOR 

Length 


5 ib/io in. 

3 y s in. 

External 

diameter 

1 %o in- 

1 in. 

Internal 

diameter 

% in. 

1 fa in. 


SUMMARY 

The principles of perfusion used at the University of Colorado and the 
consequent need for continuous monitoring devices have been described. A 
plea is made for attempting to achieve “physiologic” perfusion. 

Details are given of an autoelavable polarograph and multi-electrode 
adaptor for the continuous monitoring of extracorporeal perfusion. 
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THE PREVENTION OF HEART BLOCK IN THE SURGICAL 
REPAIR OF INTERVENTRICULAR SEPTAL DEFECT 

Howaid D Sunk, M D , Chatles V Meckstioth, M D, Joseph M Ryan, M D 
Leon G Claassen, /II D , and Don /II Hosiei, /AI D , Columbus, Ohio 


H i \ri m ock is lepoited to bo an mipoitant cause of liioibiditv and moitahtv 
following suigical collection of lntciveiitiitulai septal defect" 3 If tins 
complication weic eliminated, opeiative usk in most cases would then be mini 
mal and suigeiv could justifiable be leeoinmcndcd foi less scnouslv ill patients 
In this wa\, mane mdiwduals could enjov full activit} and nonnnl giowtli and 
development wlneli thee otherwise would be denied 

Cunent figuies, if thee eeeic aeailable, would undoubtedly slioee that this 
complication is encounteied less frequently noee because of the nnpioeements 
in pci fusion methods and opciatiee technique lloweeer, the incidence is still 
significant 3 When lieait block occuis its management is gicatle facilitated by 
the meocardial electiode and clecttonie pacemakei,” but. m those patients eeho 
Jiaee persistence of complete atiioventiicnlai block, cardiac function mat be 
senoush compiomised Thev are pi one also to sudden death 

Heait block has not oeeuued in out senes of 53 cases of mterventuculai 
septal defect The suigical technique to be described seems to have eliminated 
the pioblem of lieait block while pioviding a leliable method foi obtaining 
complete closuie of each tvpe of defect 

SELECTION 01 PATIFNTS 

Initially, onlj those patients with pulmonaiv hv pel tension wcie accepted 
foi opeiation As oui espenence mcicasod and operatise risk was shown to 
be minimal in the less severe cases, the criteria foi selection were libeialired 
At piesent, in addition to the pulmonary hypei tensive gioup, those patients who 
have evidence of laige left to light shunts are also advised to have operation 
The minimal opeiative mortality and moibiditv in these cases has justified this 
decision 


PATCH DESIGN 


A satisfactoiv technique should provide secuie closuie of the septal defect 
nrcspective of its size and location oi the characteristics of the sunounding 
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septal tissue. It must consistently avoid injury to the conduction system of the 
heart. Because an actual tissue deficit is present, a substitute plastic patch 
material would seem desirable. This is particularly true in the larger defect 
or in those in which the septal rim is thin. If no patch is employed, tension on 
the sutures, with ensuing edema and punctate hemorrhage, increases the likeli¬ 
hood of conduction disturbances. Also, disruption of the repair under the 
stresses of heart contraction might occur. 



Fig. 1—This drawing show's the two-component patch being used to close a large defect. 
The overlapping of the sutures is shown The noncompressed polyvinyl sponge lies against 
the septum ; the Teflon felt faces the cavity of the right ventricle The inset illustrates the 
nieUiod of placing the Mersilene sutures in the rim of the defect so that they lie parallel to 
the course of the conduction fibers. Note the slight overlapping of the mattress sutures. 


The danger of incorporating the conduction fillers in the sutures being 
placed in the posterior rim of the defect has been adequately emphasized. 1 ’ 8 > 10 
However, because these pathways lie just beneath the endocardium , 1 they may 
easily be traumatized if they are pressed against a hard, semirigid patch ma¬ 
terial when the sutures are tied down. This is particularly true when the white 
fibrous tissue is absent from the posterior rim, and the edge of the patch must 
lie against the muscle containing these fibers. The possible role of injury from 
patch compression has not been sufficiently stressed. 
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The plastic cloth patch that has proved to he most satisfactory consists of 
two components. They are: polyvinyl (Ivalon) sponge and Teflon felt * The 
Tvalon sponge is 2 mm. thick and is not compressed. It provides the desired 
cushion effect and applies itself evenly to the contours of the septal rim. The 
Teflon felt is 2 mm. thick and faces the cavity of the right ventricle (Pig. 1). 
It holds sutures well; it is flexible and provides the needed strength for the 
patch. Thus, a firm repair of the larger defects is obtained without having to 




Fifr. J — This rlrawmjy illustrates the use of a noncompi e«seil cipatet-shapetl polyvinyl sponge 
to close smaller defects with Arm fibrous rims. 

tighten the sutures excessively and risk crushing the septum. Usually two or 
three sizes are prepared prior to starting the bypass. They are held in readi¬ 
ness in a tonsil hemostat. 

For defects around 1 cm. in size with strong fibrous riius, an alternate patch 

material lias been used. This consists of a cigarette-shaped piece of noncom- 

pressod polyvinyl sponge (Pig. 2). It is prepared with coik borers in two 

sizes. t/| inch and % inch in diameter. 

*Avuiliblo from Mr. Noim.in C. JecKel, United Stutes Catheter ami Instrument Coin. 
CJIens Falls, N. Y. 
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As an additional precautionary measure, Mersilene' sutures have been em¬ 
ployed routinely for all septal suturing during the past year because of their 
smoother surface and low tissue reactivity. These are double-armed with sturdy 
small needles excellently suited for work in this crowded area. 

OPERATION 

A mechanical heart-lung apparatus of the Kay-Cross type was employed 
in all cases. Potassium citrate arrest was used routinely. A vertical sternotomy 
is now used exclusively except in those patients with an associated patent ductus 
arteriosus. 


Fig 3—This photograph demonstrates the hemostat holder -which keeps each successKe 
suture in sequence, thereby preventing entanglement Two are used, one foi each side of the 
septal rim 


Technique .— 

1. Large defects over 1 cm. in diameter or those with thin rims: A series 
of 3-0 atraumatic Mersilene sutures are placed mattress-fashion around and 
parallel to the rim of the defect so that each suture slightly overlaps the preced¬ 
ing suture (Fig. 1). In this way, the course of the needle through the tissue 
and the imbedded suture itself always lies parallel to the course of the conduc¬ 
tion fibers. The first suture is placed in the anterosuperior angle of the defect. 
After the suture is placed in the septum, the two ends are separately passed 
about 3 mm. from the edge through both layers of the patch being held by the 
assistant in a tonsil hemostat. A patch which is large enough to allow a 2 to 
3 mm. overlap at the edges is chosen. The suture ends are held together in a 

•Mersilene sutuies are Du Font’s Dacion polyester fiber Supplied in 24 inch lengths with 
2 RB-1 needles by Mr C TV Norman, Ethicon, Inc, SomeiviIIe, N J. 
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liemostat, the needles are cut off, and the hoinostat is placed in a special liemo- 
stat-liolding bracket located at each side of the operative field (Fig. 3). These 
brackets keep the liemostats in order and prevent later entanglement and con¬ 
fusion while the patch is being tied in place. The subsequent sutures arc placed 
counterclockwise proceeding along the posterior rim of the margin of the de¬ 
fect towaid the postcio-inferior angle. Full-thickness sutures are placed in the 
white fibrous tissue if it appears strong. If the posterior rim of the defect 
appears thin, the suluics are placed in the adjacent muscle, lleie, a more 
superficial bite is taken, but a bioadcr area of tissue is incorporated in the 
mattress sutuie. At the postcro-infcrioi angle, the suture is placed as close to 
the edge of the septum as possible. The icmainder of the sutures are then 



Fig- 4 —This Illustration shows the modified septal patch for cases with severe pulmonary 
hypertension due to high vascular resistance The cushion effect of the polyvinyl sponge Is 
retained and the mesh permits gridual obliteration of the shunt 

placed along the antciioi rim, pioceeding fiom the postcio-inferior angle to the 
starting point. This part of the septum is usually muscular and is away from 
tiie conduction fibers. Deepei sutuies should he taken to obtain secuic closuie. 
The patch is then put in place with the tonsil liemostat, and the .sutures are tied 
down in icversc order of their inseition. -lust bcfoic the last one is tied, the 
left ventricle is compressed with the hand to cxpiess entrapped air bubbles 
Bach suture is cut about 1 to 2 mm. from the knot. 

In the picsence of high pulmonary vascular icsistanec, the patch is modified 
to permit giadual closure; in such patients, a Teflon elotli mesh* is substituted 
for the Teflon felt. The central portion of the polyvinjl sponge is excised 
(Fig. 4) leaving a rim of compiessiblc sponge lying against the septum. Flow 

'Available from Mr. Norman C Jeckel I'nlti-,1 State a Catheter ami Instrument Corn. 
Glens Fatls. K V 
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temporarily continues through the central portion of the patch until the mesh 
becomes closed over with fibrin and, later, endothelial tissue. Thus, a gradual 
closure of the defect is effected. This is similar to Lillehei’s pcrforated-com- 
pressed-polyvinyl-sponge technique. It is simpler than creating a temporary 
artificial ductus. 3 

2. Smaller defects around 1 cm. in diameter with strong fibrous rims: For 
these cases, the Mei’silene sutures arc placed in the tissue in the same way as 
for the large defects. However, the needles are passed tangentially through 
each side of a cigarette-shaped, noncompressed polyvinyl sponge % of an inch 
in diameter (see Fig. 2). The sutures are placed near the edges of the sponge 
so that, when they are tied down, some of the sponge is wedged between the 
edges of the defect. Thus, good closure is achieved without producing excessive 
tension on the septal tissue (see Fig. 2). The excess polyvinyl sponge is cut 
away, leaving a small, compact tampon in and over the defect. This method 
is similar to that reported by Kirklin. 1 

DISCUSSION 

Age Range. —The average age of the patients in this series was slightly 
under 6 years, with extremes of 3 months and 33 years. Cardiac by-pass was 
deliberately avoided in patients under 1 year of age because of the high mor¬ 
tality in this age group. Instead, a two-stage approach has been employed for 
those infants requiring surgery to prevent recurrent heart failure and repeated 
respiratory infections. The first stage consists of banding the main pulmonary 
artery with a Dacron cloth band* to reduce the left-to-riglit shunt. When the 
child is older and can well tolerate open-heart surgery, the constriction in the 
pulmonary artery and the septal defect are corrected. 0 

Size and Location of Defect. —The largest defects were approximately 25 
mm. in greatest diameter. Twenty-eight were located in the posterior septum 
behind the septal leaflet of the tricuspid valve. Eighteen were located in the 
outflow tract below the medial limb of the crista supraventricularis. Three were 
found immediately beneath the pulmonary valve. In only four of those located 
in the posterior septum was it necessary to transect (and resuture) a papillary 
muscle in order to gain good access to the area. This was done early in our 
series, but with increased experience and the adoption of small atraumatic- 
needles, it is no longer used. In 4 patients, there were multiple ventricular 
septal defects: 3 hacl two, and 1 had eight, separate defects. 

Associated Defects. —Three patients in our series had a patent ductus ar¬ 
teriosus. Two of these were closed at the same time. In one child, with equal pul¬ 
monary and aortic pressures, the ductus was temporarily occluded during the 
cardiopulmonary bypass while the ventricular septal defect was being closed, 
but afterward was allowed to remain open. This was done as part of a two- 
stage approach to the problem of severe pulmonary hypertension. The ductus 
was successfully closed at an operation undertaken 6 months later."’ 

•Scnmlr^s tubing ("Helanca Dacron warp”), S mm. width. Available from John Sidebo- 
tham, Inc., 4317 Griscom Street, Frankford, Philadelphia 24, Pa. 
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Foul patients lwd .itii.il septal (It'll(ts nt the secundum Itpc;, lairing iiom 
.ibout 5 mm to 15 mm m di.imetei The piiseme oi this defect "as suspected 
hi the appeal ante of blight led bronchial blood passing up thiough the tncuspid 
lake attei the lentiiculai defect had hum closed The secundum aiea lias 
then iisuah/ed thiough the tncuspid i.thc The defect was then lepnied tilth 
a continuous double 1011 of 3 0 atiaumatic Meisilene sutuic thiough a suitable 
atnal incision 

In tiio instances a pulmonic taliulai stenosis was also piesent Caidiac 
cat hotel 17a t ion demonsti ated a piessuie diop acioss the talie, but the stenosis 
i\as of such a modeiate degiee that a laigc left to light shunt peisistcd These 
cases iieic classified as intcnentiieulai septal defects tilth pulmonic stenosis 
rather than as aeianotic examples of tetialogi of Fallot No eases of an infun 
dibulai stenosis aie included in tins senes 

Tiio patients iieie diseoteied to hate aoitic liisnfficieiici folloinng closure 
of then inteitentncnlai septal defects In 1 ease, the septal defect lias terj 
large (25 mm ) and ttas associated tilth a laigc left to light shunt Because 
the aorta tvas ten small one tiondeis iihctliei thei e ti as actual^ a leaflet defect 
present oi iihethei the appealance ot taltulai liicompetcnci ttas due to dilata 
tion of the aoitic nng fiom the nicieascd sjstemic floii The other patient’s 
defect tvas located aboie the medial limb of the ensta supiaientnculans just 
beloit the pulmonic talte Iler insufTieienct is the most setete of the tiio This, 
together tilth the location of the septal defect suggests that thcie is piobahlt 
an associated defect in one of the aoitic leaflets 

Tlieie tias 1 patient iilio had congenital initial lnsufficienci and 3 tilth tn 
cuspid msufficicncj The child tilth initial lnsufficienci had pronounced club 
bmg and deficienct ot the postenoi leaflet of the mitral talie She also had 
seteie tasculai changes in the small musculai artencs The 3 patients tilth 
tncuspid lnsufficienci lied, in effect, a left tentneulo light atrial shunt This 
lesulted from a cleatagc of the septal leaflet of the tncuspid talie In each in 
stance, the talte leaflet tias lepaned along tilth the septal defect 

Peisrstcnt Shunts —Tlieie aie 2 patients m tiliom sizable left to light 
shunts persist These should be legalded as operatite failures and mil lequue 
le operation One ot these tias a 1 cm defect closed onli uitli mteriupted 
atiaumatic sill, sutuics In the othei a laigc defect, a double thickness patch 
of Teflon cloth tias setin m place cmplonng a mattiess sutuie technique as do 
senbed eailiei It is beheted that in the fust patient, the sutuic line disrupted 
(at least paitiallt) aftei caidiac contiaction had lcsuincd The second failure 
mai hate been due to the mabihti ot the Teflon cloth to applt itself snuglt to 
the septum Both ot these patients tieic caili cases tilio undeiiient opciation 
bet oi e the pi esent technique it as et olt ed 

In 3 patients, tlieie is a lesidual (uadc 1 2 sjstolic inuiimu otei the pul 
monic aiea Tliet mat be due to tuibulence m the outflou tiact (iiom dilata 
tion of the pulmonait aiteit) tiorn a lesidual leak m the lepair, oi possiblt, 
fiom an otcilookcd second teij small delect In ant eiuit, the salutarj clinical 
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response and the return toward normal of the electrocardiogram, roentgeno¬ 
gram, and hilar activity suggest that these murmurs are physiologically incon¬ 
sequential. 

Mortality .—There were 9 deaths in this series. Seven had high pulmonary 
vascular resistance as evidenced by catheterization studies showing essentially 
systemic pressures in the pulmonary circulation and predominant right ven¬ 
tricular hypertrophy on the electrocardiogram. All but one occurred during 
the first 6 months of our open-heart program. Initially, these deaths were 
blamed on the vascular changes because they all seemed to die a respiratory 
death. Pulmonary edema and interalveolar hemorrhage were prominent at 
autopsy. In retrospect, many of the deaths probably should be attributed to 
the techniques in use at that time. The addition of serum albumin* to the 
perfusate in sufficient quantities to balance osmotically the saline used in the 
donor bottles and in priming the pump has contributed importantly to the 
elimination of these pulmonary complications. 7 Tracheotomy is now rarely 
needed. 

Two deaths occurred in the moderate hypertensive group. In both, the 
hypertension was due to large pulmonary flow. One was 18 months old and 
the other 3 months old. The former had a large ductus and an atrial septal 
defect. Pulmonary edema was found at autopsy. This is a preventable death. 
The 3-month-old infant now would not be submitted to cardiopulmonary by¬ 
pass, but managed in two stages as described. 

i There was one death in the nonhypertensive group. This child, 24 months 
old, died unexpectedly 24 hours postoperativelv following a tachycardia of 180. 
Presumably, this passed into ventricular fibrillation. No explanation could be 
found at autopsy. 

CONCLUSIONS 

Heart block complicating the surgical repair of interventricular septal 
defect is due to direct injury to the septal area bearing the conduction path¬ 
ways. This injury may be produced during or following the improper placement 
of sutures or, perhaps, by pressure on the septum by a hard patch material. 
The presence of high pulmonary vascular resistance has not influenced the 
incidence of heart block or heart arrythmia. 

In our series, the mortality is primarily related to the psysiologic conse¬ 
quences of a high resistance in the pulmonary vascular bed. In those cases in 
which the pulmonary hypertension is due to increased flow, no special measures 
for correction of the defect are required. However, in patients with advanced 
changes in the small muscular pulmonary arteries and minimal left-to-right 
shunt, a gradual closure is helpful in improving immediate postoperative sur¬ 
vival. The ultimate course of these patients will depend upon the degree of 
restitutions that will take place in the media and, particularly, in the intima. 
Following repair, the situation becomes similar to the pathologic physiology of 

•Kindly supplied by Dr. Paul IV. Yost, The American Red Cross Blood Program. 
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the patient vutli seveie pulmonary vascular changes secondary to longstanding 
mitral stenosis Peisistence of a high piessruc m the pulmonary aiterial bed 
may fiuthei aggra\ate the changes m these vessels so that legiession cannot 
occui 


bUJIM tin 

A suigical technique is piescnted yyhich has successfully avoided the com 
plication of heart block in all cases of intei ventnculai septal defect This 
lrgmj can be produced by the nnpiopei placement of sutures oi, we believe, by 
piessuie from a Uaid patch material Therefore* it is important to avoid m 
coipoiatmg the conduction pathways in the sutuics and to pievcnt crushing the 
conduction aiea against haid patch material This method of placing the 
sutmes ay oids encnelmg the fibcis and the two component patch eliminates the 
need for excessive piessiuc by the patch against the septum The patch can 
I e modified to effect a giadual closuie in patients with high pulmonaiy vascular 
resistance 
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CONGENITAL DIAPHRAGMATIC HERNIA IN THE ADULT 
A New Technique in the Closure of the Bochdalek Hernia 

Elliott Michel sou, M.D., Baltimore. Aid. 

H erniation through the space of Bochdalek is the most common type of 
congenital diaphragmatic hernia. This defect is usually seen in infancy 
but, while occurring much less frequently in the adult, it remains a clinically 
significant group. Bowditch, 1 in 1853, analyzed SS patients with diaphragmatic 
hernias and found that 9 of the 22 with the congenital type lived after the 
second year of life without surgical intervention. This would suggest that a 
small number of these patients surviving the high mortality during the first . 
year of life may live to a significant older age. Liebow 2 cites 9 cases of massive 
congenital diaphragmatic hernias in which the patients lived to the ages of 17 
to 50 and suggests that long life is not incompatible with this condition. This 
report is concerned with the recognition and treatment of the Bochdalek hernia 
in the adult. 

The diaphragm is a complex organ made up of two major components 
embryologically, which shift their position during fetal life under different 
time schedules of development. The upper or ventral portion of the diaphragm 
is formed by the septum transversum which develops in the cervical region of 
the paired third and fourth myotonies and migrates caudad to the first lumbar 
segment in the 2-month embryo. The transverse septum then fuses with the 
ventral mesentery. The dorsal portion of the diaphragm develops from the 
paired pleuroperitoneal membrane which is derived from the pulmonary ridge. 
Medially, the membrane fuses with the dorsal mesentery to form the posterior 
and central portion of the diaphragm and contains the esophageal hiatus. Meso¬ 
dermal cells derived from the receding wolffian bodies fuse to form the right 
and left crura of the diaphragm. The pleuroperitoneal canal is closed by con¬ 
centric growth of the membrane at the end of the seventh week of fetal life 
and complete development of the diaphragm is accomplished by fusion of this 
membrane with the septum transversum and derivatives from the lateral chest 
wall (Fig. 1). Arey 3 believes that the closure of the pleuroperitoneal communi¬ 
cation is not due to active growth of the membrane but rather by passive ex¬ 
pansion caused by growth of adjacent lungs, liver, and adrenals. The Boch¬ 
dalek hernia results from incomplete closure of the pleuroperitoneal canal. In 

From the Departments of Surgery, Sinai Hospital of Baltimore, Tne., and the Johns • 
Hopkins University School of Medicine, Baltimore, Md. 
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tlio tenth week ot lct.il hte usuia lclmu tioni tin umbilical uml to the ah 
(loimnal cavitv and, it the canal is open, loops ot liovul will herniate into the 
pleuial cavitv The small bowel having gieatei mobihlv and lessee bnlk enteis 
the pleuial space fiist, followed bv the splenic eolon Stomach is the last to 
lieiniate, lotatmg ISO degiees so that its inndus lies ecphalad The Bochdalek 
lieinia contains no pentoneal sac and is thciefoie a false hernia A true hernia 
developing as a lesult of weakness of the fused plcuiopeutoneal membiane is 
a laie condition 

Paul and Kanagasuntheiam' find a definite sequence of bowel herniation 
in all Bochdalek hennas Pioni an anahsis oi two autopsies and a studv of all 
othei existing lepoits the\ find that the henna is due to incomplete closuie 
of the pleuiopeutoneal canal with oideilj sequential licimation of small bowel, 
followed In splenic eolon and stomach Thee obseive that no Bochdalek hernia 


Aorta 


Pleuro¬ 

peritoneal 

membrane 



Dorsal mesentery 
, Vertebra-costal 

s P aoe 
Esophagus 


Addition from 
body watt 

Septum transversom 


Inf vena cava 


For 1—Vnlngen of the diaphragm Note that Bochdalek space Is contained between twelfth 
rib and septum tmnstersum 


has e\ei been leported with onh stomach piesent in the left chest The Bocli 
dalek space is between the twelfth nil and the septum tiansveisum and not be 
tween the twelfth nb and the icrtebiac as Keith states (Pig 1) When the 
left diaphiagmatic ciura, as well as the plemopeutoneal membrane, is nuclei 
developed, the hiatus will extend fiom the veitcbiac to the septum tiansveisum 
licimation of the lndnev and adien.il mav then lit piesent It is appaient that 
lepan of this defect will be somewhat diffeicnt fiom that of the tvpical Boeli 
dalek hernia 

The pleuroperitoneal hernia mav he small and localized close to the ventral 
septum oi encompass the entne posteiolateial poition of the diaphiagm The 
most common anomalies associated with this tvpe of henna aie incomplete 
lotation of bowel and incomplete development of the left lung 


CVSE REPORT 

B H, a jfi 3 ear old white woman, w is first seen on Oet 31, 3055, complaining of lit irl od 
<Hapnea, fitiguc and pains in the left chest, bach, and npeh For a number of vears, she 
had lmd tpigastnc and left tipper qundrant pain associ iteil with marked eructation, nausea, 
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and vomiting. Nine years before, an abdominal laparotomy had been performed at another 
hospital. Repair of a left diaphragmatic hernia was said to have been attempted through 
a 6-inch incision over the left tenth rib, but no opeiathe leport was lecorded. Since this 
operation, she has noted increased dyspnea on exertion, but her digestive symptoms have 
remained unimproved. In 1952, x-ray studies of the stomach revealed displacement of the 
stomach and small and large bowel into the left hemithorax. The patient has always been 
somewhat fatigued and short of breath. 

On physical examination she did not appear to be acutely ill and exhibited no lespira- 
tory difficulties at rest. The right lung was clear to percussion and auscultation, and the 
right diaphragm moved veil. The peicussion note over the left hemithorax was tympanitic, 



Fig. 2. Fir 3 

Fig. 2.—Chest film following pneumoperitoneum showing left pneumothorax, dilated stom¬ 
ach. barium streaks in large bowel, scalloped border of colon, compiessed left lung, and media¬ 
stinal shift 

Fig. 3.—Gastrointestinal series reveals stomach rotated 180 degrees within left pleuial 
space with small bowel anterioi ly placed and colon filled with air at apex 

no bieath sounds but acti\e peristaltic sounds weic heard. No retrocardiac dullness could 
be delineated. There was a well-healed 6-inch scar over the left tenth rib. The abdomen 
was soft with no masses, but increased peristaltic activity was noted. 

Roentgenogi apliic examination of the chest revealed the heart and mediastinum to be 
shifted toward the right due to the presence of colon, small bowel, and stomach in the left 
hemithorax (Fig. 2). There weie multiple linear stiands of atelectasis at the left apex. The 
right, lung appeared normal. Barium studies levealed lotation of the stomach through ISO 
degrees with the fundus placed cephalad at the level of the thiid rib (Fig. 3). The splenic 
flexure was herniated into the left hemithorax, rising to the apex of the chest (Fig. 
4). Following pneumoperitoneum, air was noted at the apex of the left chest with both colon 
and stomach displaced downward. 
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The patient was admitted to Smai Hospital on Jan. 22, 1930, for repair of a left 
Bochdalek diaphragmatic hernia. Through a left thoracotomy approach, a large postero¬ 
lateral defect of the left diaphragm was found (Fig. 5). The anterior or ventral portion 
of the diaphragm was thick and contracted. A small, thick ridge of tissue was present 
along the twelfth rib. The esophageal hiatus was normal and the left crura was evident. 
There were no adhesions binding the stomach, oi small and large bowel to the pleural wall 
and reduction was accomplished without difficulty. The apical, posterior and anterior segments 
of the left upper lobe appeared normal, contained carbon pigment, and expanded freely, but 
the entire left lower lobe and the lmgula of the left upper lobe were flesh pink, without 
pigmentation and large blobs were seen along the periphery of these segments. Repair of 
the outer half of the diaphragmatic defect was accomplished by approximating the thick 
\cntral leaf to the short muscular ridge and periosteum overlying the twelfth rib. A large 



Fitf. 1 —Bfti iuni enema stuiH sliow'inp malplacement of colon In left chCbt 

defect, measuring 0 cm. in diameter, was still present following this partial repair (Fig. 5, 
A). Sutures placed through the muscular edge* close to the esophageal hiatus tore out with 
each strong pulsatile thrust of the heart. In an attempt to free the diaphragm from tins 
abnormal motion, the anterior, left lateral, and posterior attachments of the pericardium 
to the diaphragm were freed, and it was then possible to suture together the remaining edges 
of the defect (Fig. 5, C). Numerous blebs in the lower lobe were clamped and their base 
sutured. The left lung was easily inflated and filled the entire left hemitliorax. The po**t- 
operatue course of the patient was marked by repeated spontaneous pneumothoraces, ap¬ 
parently due to recurrent bleb rupture*’, and this complication necessitated scieral aspirations 
and tube drainage. On discharge, 2 weeks after the operation, she felt well and had no 
digestive symptoms or dyspnea. On her last xisit in January, 1959, slie felt well, had no 
digestse symptoms, and stated that for the first time in her life sb e was able to shop with¬ 
out fatigue or dyspnea. Her left lung was well expanded (Figs. (» and 7) and there was de¬ 
finite, though slight, impairment of motion of the left diaphragm. 
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DISCUSSION 

Symptoms .—Cardiorespiratory and digestive symptoms associated with the 
Boehdalek hernia are due to the compression and distortion of the herniated 
bowel as well as lung and mediastinal structures. Volvulus with obstruction 
and perforation may occur within the hemithorax and present abdominal symp¬ 
toms but without localizing signs of peritoneal irritation. In the present ease, 
the patient had ventilated her right lung together with a small portion of the 



Fig. 5.-— A, Appearance of large Boclulalek hernia after reduction of bowel. Note pos¬ 
terior muscular ridge and pericardial attachments. B and C show method of repair utilizing 
posterior muscular ridge and ventral portion of diaphragm after pericardial attachments are re¬ 
leased. 

left upper lobe. The bleb formation, absence of pigmentation, and recurrent 
pneumothorax suggest maldevelopment and congenital atelectasis of the lingula 
and left lower lobe. Recurrent incomplete volvulus of the bowel gave rise to 
the abdominal pain, nausea, and vomiting. 

Diagnosis .— Inspection of the chest will reveal decreased expansion of the 
affected side. The percussion note may be either dull or tympanitic depending 
upon whether the herniated bowel contains predominantly air or fluid. The 
lieai’t is displaced to the right and no rctrocardiac dullness is noted. When 
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intestinal sounds are heard within the chest, the coriect diagnosis is evident. 
In the presence o£ a typical history ot' intestinal obstruction, a flat, nontender 
abdomen should suggest the possibility of a diaphragmatic hernia 

Roentgenographie examination of the ehest shows displacement of the heait 
and mediastinum to the right. Fluid levels will usually be seen which might 
be incoriectlv interpreted as encapsulated hydropneumothorax. Lateral x-ray 
films and barium studies will usually reveal the stomach to be lateral to the 
pericardium and the splenic flexure at the apex of the chest Pneumoperito¬ 
neum will reveal the absence of a hernial sac 



fill c Put ? 

Fur? G anti 7—Chest films made 2 1 '. >cais aftei opuation showing- well-expanded left lung 
with bowel below diaphragm 


Treatment .—Repan of the Boehdalek hernia in the adult is usually ail 
elective pioceduic although the presence of such complications as intestinal 
obstruction or perforation makes immediate correction necessary. In all cases, 
the tiansthoiacic appioacli should be used The bowel should he decompressed 
piior to operation In the absence of pievious infection, no adhesions are noted 
binding the bowel to the chest nail and 1 eduction of the bowel into the abdomen 
is a simple pioccduie. 

Numerous methods have been used in the repair of the Boehdalek liei- 
ma. 0> lfJ ’ 11 Thoracoplasty has been utilized in older to decrease this space 
and allow doisoventral appioxnnation, but ventilation of the lung is thereby 
lost. The latissimus doisi muscle lias been used 7 to close the lateial defect of 
the diaplnagm and this is piolmbh <>L little value since muscle ntiophv will 
take place as the muscle mo\es across the exposed nh Rives and Baker * ha\e 
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suggested the approximation of the transversalis fascia to the dorsal edge of 
the diaphragm, but it is difficult to see how sufficient fascia would be available 
to accomplish this. Free fascia or fascia lata has been used but may be expected 
to exhibit paradoxical motion, may eventrate, and even atrophy. Adler and 
Firmie 12 have studied plastic materials and found nylon net or mesh to be 
tough, durable, inert, and somewhat pliable. This material can be used only 
as the partitioning membrane and obviously will not take part in the diaphrag¬ 
matic motion. Tantalum mesh has been used but is known to fragment in time. 
Steel mesh may not fragment but is too rigid and may bring injury to con¬ 
tiguous bowel or blood vessels. 

In small and medium defects of the pleuroperitoneal membrane, closure 
may be accomplished by the use of eoapting sutures of nonabsorbable suture 
material. If there is marked diaphragmatic activity, injection of pi’oeaine 
(1 per cent) about the phrenic nerve has been suggested to produce temporary 
paralysis, but is unnecessary when the anesthesiologist can control its movement. 
In the large circular defects having a complete circle of muscular tissue, the 
repair of the lateral edge may be accomplished by sutures opposing the ventral 
muscular ridge with the tissue about the twelfth rib. The paraesophageal area, 
however, may be impossible to close and it is this type of defect in which repair 
can be accomplished by freeing the pericardial attachments to the diaphragm. 
Release of the anterior, left lateral, and posterior attachment of the pericardium 
allows the ventral or septum transversum portion of the diaphragm to be 
brought down and sutured to the posterior costal portion of the diaphragm. 
The release of the pericardium removes the continued motion of the heart on 
the suture line (Fig. 5). The case cited accomplished this type of repair. 

When there is absence of the pleuroperitoneal membrane, as well as loss 
of a vertebrocostal margin, no posterior muscular ridge is present. This defect 
may be associated with the presence of a high kidney or adrenal herniating 
into the hemithorax. Prosthetic materials such as steel mesh, Daci-on, or Orion 
sheeting have been suggested but are either too rigid or exhibit pai’adoxical 
motion with respiration. Repair of this defect may be accomplished by elevat¬ 
ing the remaining ventral portion of the diaphragm and suturing it to the pre¬ 
formed intercosto-periosteal muscle flap which may be developed from the pos¬ 
terolateral aspect of the fifth and sixth ribs. We have experimentally produced 
this defect and accomplished this type of repair in dogs,® with subsequent return 
of normal diaphragmatic motion. 

summary 

Congenital diaphragmatic hernias of the Bochdalek type are rare in adults 
but are found in a clinically significant group of patients. Diagnosis usually 
depends upon symptoms arising from distortion of bowel, compression of the 
left lung, displacement of the heart and mediastinum, and x-ray evidence of 
bowel herniation. Repair of the large hernias have not been gratifying in the 
past due to the lack of approximating muscular tissue. In very large postero¬ 
lateral Bochdalek hernias, without a rim of posterior muscular tissue, elevation 
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of the diapluagm with sutuic of the xential septal tissue to a penosteo mtei 
costal muscle flap at a highei rib le^el is suggested When laige medial defects 
axe pxesent, the iemo\al oi peucatdial attachment to the diapluagm will allow 
secmc elosuie A successful case oi this U pe is lepoited 
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suggested the approximation of the transversalis fascia to the dorsal edge of 
the diaplu’agm, but it is difficult to see how sufficient fascia would he available 
to accomplish this. Free fascia or fascia lata has been used but may be expected 
to exhibit paradoxical motion, may eventrate, and even atrophy. Adler and 
Firmie 12 have studied plastic materials and found nylon net or mesh to be 
tough, durable, inert, and somewhat pliable. This material can be used only 
as the partitioning membrane and obviously will not take part in the diaphrag¬ 
matic motion. Tantulum mesh has been used but is known to fragment in time. 
Steel mesh may not fragment but is too rigid and may bring injury to con¬ 
tiguous bowel or blood vessels. 

In small and medium defects of the pleuroperitoneal membrane, closure 
may be accomplished by the use of eoapting sutures of nonabsorbable suture 
material. If there is marked diaphragmatic activity, injection of procaine 
(1 per cent) about the phrenic nerve has been suggested to produce temporary 
paralysis, but is unnecessary when the anesthesiologist can control its movement. 
In the large circular defects having a complete circle of muscular tissue, the 
repair of the lateral edge may be accomplished by sutures opposing the ventral 
muscular ridge with the tissue about the twelfth rib. The paraesophageal area, 
however, may be impossible to close and it is this type of defect in which repair 
can be accomplished by freeing the pericardial attachments to the diaphragm. 
Release of the anterior, left lateral, and posterior attachment of the pericardium 
allows the ventral or septum transversum portion of the diaphragm to be 
brought down and sutured to the posterior costal portion of the diaphragm. 
The release of the pericardium removes the continued motion of the heart on 
the suture line (Fig. 5). The case cited accomplished this type of repair. 

When there is absence of the pleuroperitoneal membrane, as Avell as loss 
of a vertebrocostal margin, no posterior muscular ridge is present. This defect 
may be associated with the presence of a high kidney or adrenal herniating 
into the hemithorax. Prosthetic materials such as steel mesh, Dacron, or Orion 
sheeting have been suggested but are either too rigid or exhibit paradoxical 
motion with respiration. Repair of this defect may be accomplished by elevat¬ 
ing the remaining ventral portion of the diaphragm and suturing it to the pre¬ 
formed intercosto-periosteal muscle flap which may be developed from the pos¬ 
terolateral aspect of the fifth and sixth ribs. We have experimentally produced 
this defect and accomplished this type of repair in dogs, 0 with subsequent return 
of normal diaphragmatic motion. 

SUMMARY 

Congenital diaphragmatic hernias of the Bochdalek type are rare in adults 
but are found in a clinically significant group of patients. Diagnosis usually 
depends upon symptoms arising from distortion of bowel, compression of the 
left lung, displacement of the heart and mediastinum, and x-ray evidence of 
bowel herniation. Repair of the large hernias have not been gratifying in the 
past due to the lack of approximating muscular tissue. In very large postero¬ 
lateral Bochdalek hernias, without a rim of posterior muscular tissue, elevation 
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Ill 1946, Holt 5 reviewed the problems of esophageal atresia and tracheo¬ 
esophageal fistulas and suggested that a fourth type he added to Vogt’s classi¬ 
fication, namely: esophagorcspiratory fistula without .atresia of the esophagus. 
While this is an uncommon malady in infants, it is rarer still in adults, with 
only 13 documented cases reported in the literature to date. 0-13 

The major clinical and physical findings have been related to the inevitable 
pulmonary sepsis which develops with this lesion. Most patients have histories 
of repeated bouts of pneumonia and cough, often producing purulent sputum. 



1.—Chest roentgenogram (Case 1) which shows chronic peribronchial infiltration 
but no evidence of consolidation or pneumonitis The patient had lmd repeated bouts of pneu¬ 
monia and dyspnea. 

Pood particles may be laiscd with the sputum and hemoptysis is a common 
complaint. Whether or not this is secondary to the commonly found bronchiec¬ 
tasis, or merely a manifestation of the severe chronic bronchitis, is open to 
speculation. The relative rarity of this lesion has prompted the present report 
of congenital esophagorcspiratory fistulas in 2 adult patients in whom the diag¬ 
nosis was proved by surgery or postmortem examination. 

CASE REPORTS 

Care 1. M. W., a 63-year-old white woman, was admitted to the thoracic surgical 
service of Akron City Hospital on Dec. 22, 1957, with chief complaints of chronic malaise, 
cough, and recurrent pneumonia (Fig. 1). The patient stated that she had been short of 
breath as long as she could remember and that sho had been a “blue baby” at birth. 
She had frequent bouts of wheezing and cyanosis as a child and was treated on innumerable 
occasions for pneumonia. “Choking spells” were related to the ingestion of food and 
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liquids but there Iiad been no hemoptysis and no food paitides were evei laised. Copious 
quantities of whitish sputum weic laised with postuial diainage. In 1911, following a 
complete examination including bionchoscopy and esopliagoscopy, a diagnosis of high-lying 
tiacheoesophageal fistula was made. Suigical tieatmenl was eonsideied but tinned down 
because of the apparent high lisle. 

The past medical history was notable only in that it included diphtheiia at an early age, 
and hysterectomy with appendectomy at age 33. The family history was noncontributory. 

Positive physical findings weie limited to the chest where fine crepitant rales were 
heard posteriorly. There was considerable wheezing with respiration but no dyspnea was 
present. The vital signs were normal. 

Laboratory studies revealed a chronic urinary tract infection. Tho fasting blood sugar, 
blood urea nitrogen, and hematologic studies were within normal limits. 



A. 

Fig\ 2.— A, Roentgenogram of the chest (Case 2) which shows chronic and acute pneumonic 
process iniolving the right middle and lower lobes. 

At esopliagoscopy and bronchoscopy on Dec. 24, 1957, under local anesthesia, no 
fistulous tract could be identified. On December 27, the patient was given a swallow' of 
iodized oil but again the fistula could not be demonstrated. Only a moderate irregularity 
of the esophageal mucosa was noted at tho sternal notch. On Dec. 30, 1957, bronchoscopy 
and esopliagoscopy were repeated and a small, high-lying, tracheoesophageal fistula was found 
at tho level of the supiasternal notch. A cuived diiector was passed through the fistula and 
was visualized in the esophagus. On Jan. 0, 1958, under endotracheal anesthesia, the pa¬ 
tient was operated upon by one of us (IV. F.) for closuie ot the defect. A low collar 
incision was made through the skin and platvsma muscle and the strap muscles weie sep¬ 
arated. The right sternocleidomastoid muscle was letracted latoially and the right interim 
thyroid artery was divided at its origin. The right lobe of the thyroid gland was mobilized 
and retracted medially along with the right lecunonl laiyngcal nerve. The trachea was 
freed by blunt dissection and a small tracheoesophageal fistula was exposed. It lay at the 
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level of tlic fourth cartilaginous ring and was quite short, measuring 1 cm. in length by 
perhaps 7 mm. in transverse diameter. Since the lesion was extremely short, it was decided 
to ligate the fistula in continuity. By utilizing the steiile bronchoscope, a soft esophageal 
dilator was threaded through the fistula as a guide and two 2-0 silk suture ligatures were 
placed around the fistula. These were tied down after removal of the guide. The wound 
was closed anatomically and it healed without incident. The patient improved symptomati¬ 
cally and has remained well to date. 

Case 2.—C. J., a 60-ycar old white man, was admitted to Akron City Hospital with com¬ 
plaints of bloody diarrhea alternating with constipation of several months’ duiation. Ho 
subsequently was found to have carcinoma of the rectum and underwent a combined ab- 
dominal-pcrmcal resection. During the fluoroscopy accompanying an upper gastrointestinal 
\-ray study prior to surgery, a large bronchocsophagcal fistula was noted which connected 
the esophagus with the right main-stem bronchus (Fig. 2, A, 1>, and C). Closer questioning 
of the patient at this time revealed a history of pulmonary sepsis for over 40 years. He 
stated that he had been chronically ill as a child and had repeated bouts of pneumonia 



n c. 

Fig 2. Cont’d— R, Oblique view of the chest (Case 2) which shows passage of radiopaque 
medium from the esophagus Into the Iaige bionchoesoph.igeal fistula to the right main-stem 
liioncluis 

C, Roentgenogram (Case 2) after ingestion of radiopaque medium The broncliogram 
thus produced showed massive bronchiectasis and chronic pulmonary suppuiation of the right 
lower and middle lobes. 

coupled with chionic cough and fever. There was a past history of diphtheria at the age 
of 8 }enr.-i. Tic was told by a physician, at that time, that he had “ulcers on his bronchial 
lubes.” He stated that ho would “almost strangle” with phaixngeal secretions at night, 
ami that the*** symptoms were worse when lying on his right side. The patient had been 
ticatcd on eight occasions for pneumonia and had had three or four extensive pulmonary 
hemorrhages. He had lieen jaundiced in 1943 and had liven treated for ehronie gall bladder 
disease since that time. 

Because of the x-ray findings, bronchoscopy and esophngoscopy woie performed under 
local anesthesia. The fistula was readily seen during both examinations. The mucosa of 
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the tract, as well as that surrounding it, seemed grossly normal. The tract arose from the 
anterolateral aspect of the esophagus and communicated with the right main-stem bronchus 
near an accessory bronchus to the right upper lobe. 

The patient was discharged and ultimately readmitted with terminal carcinomatosis. 
The autopsy revealed massive metastatic carcinoma in the liver and abdominal lymph nodes. 
The previously described fistula was seen to connect the esophagus and the right main-stem 
bronchus (Fig. 3). The tract was well defined and appeared to be of congenital origin. 
There was accompanying long-standing right lower lobar pulmonary suppuration with ab¬ 
scess, bronchiectasis, and pulmonary fibrosis. 


Fig. 3,—Photograph of the autopsy specimen in Case 2. The large bronchoesophageal fistula 
is seen extending into a large area of necrotic pulmonary parenchyma. 



SUMMARY 

Congenital esophagorespiratory fistula in the adult is a very rare anomaly 
with only 13 documented cases having been published to date. The disorder 
is accompanied by severe long-standing pulmonary sepsis and is usually diag¬ 
nosed by careful history and often as an accidental finding. Two additional 
eases of fistulous connection of the esophagus and tracheobronchial tree in adult 
patients have been presented. Esophagorespiratory fistula without esophageal 
atresia may be compatible with long-term survival and may be difficult to diag¬ 
nose without repeated radiologic and endoscopic examinations. 

We wish to express our appreciation to Mr. John Muldowney, Akron City Hospital, 
for the photographs used in this paper. 
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PULMONARY ALVEOLAR PROTEINOSIS 


Review of the Literature and Report of a Case 
heldon P. Pitt, M.D.,* Philadelphia, Pa. 

I n June, 1958, pulmonary alveolar proteinosis was first reported in the 
literature 1 and was given this title by the authors—Dr. Samuel Rosen, Chief 
of Pulmonary Pathology, Armed Forces Institute of Pathology, Dr. Benjamin 
C'astleman. Clinical Professor of Pathology, Harvard Medical School, and Dr. 
Averill Liebow, Professor of Pathology at Yale University. The first case was 
actually seen by Dr. Castleman in July, 1953. the specimen having been ob¬ 
tained by lung biopsy which proved puzzling to him; whereupon he sent the 
slides to Dr. Liebow who likewise recalled never having seen such lesion. 
Since 1955, slides for consultation have been received by the above pathologists 
at an increasing rate so that by June, 1958, a total of 27 cases had been com¬ 
piled. Some patients were studied in their respective institutions, but the 
majority were studied by slides sent from various states in this country and 
from three foreign countries—Turin, Italy; London, England; and Canada. 

This perplexing disease is characterized clinically by an insidious onset 
of progressive dyspnea, cough which may not be productive but often is pro¬ 
ductive of white, yellow and, at times, blood-streaked sputum, frequent chest 
pains, fatigability, and later by weight loss, clubbing, and cyanosis. Temper¬ 
ature is normal or slightly elevated. Physical examinations in the cases 
studied were not remarkable except for the above signs. 

The ages ranged from 2 years to 56 years, but the majority were between 
20 and 50 years of age. The occupations listed were as follows: lumberyard 
employee, 4 carpenter, electrician exposed to smoke in the production of can¬ 
non shells, butcher, animal cage cleaner, painter, machinist, toothpaste factory 
worker, and welder (father of the child). 

CLINICAL STUDIES 

Laboratory Studies .—In general, the erythrocyte counts and hematocrits 
were normal or slightly elevated (hemoglobin, 15 to 18 grams). The leukocyte 
counts varied from normal to 20,000, probably depending upon the amount of 
superimposed infection. Sputa smears and cultures were generally negative for 
common pathogens and tubercle bacilli, as were the few lung specimens that were 

Received for publication April 2S, 1959. 
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Tebruarj 19f0 

examined ioi fungus Attempts to isolate Minx wue unsiicicssful In 2 cases 
thoie as supcinnposed fungus nileetions—one Cuptocoecus and oneNocaidm, 
botli ot whull tciminatul fulnllj Skm tists fot tul« lculosis, Instoplasmosis, 
blastonncosis, and lnuciUosis gne \aiions leactions wInch weic of no lielp in 
diagnosis Total seium piotcms and A G lutios wcie geneuillv noiinnl as wcie 
cholestciol, total lipids, calcium, pliosplioms potassium, cliloiides, nonpiotem 
nitiogen, and blood sugais 

X huj Studies —Radiogiaplis wcic quite similai in all cases, being cliarae 
tenzed be bilateiul, diftuse gianulai, featlien oi sbghth noditlai infiltiations 
ladiatmg fiom the liilurn and, m geneial, weic moio extensile in the louei tuo 
thuds of lung fields Tlieic uas a notable absence of lnlai adenopathy and no 
calcification Ins been obsen ed 

Pathology —GiossH, the lungs ueic lieanoi, hrmei, less spongy, and more 
fnable than noimal Tlieic neie diffuse confluent giayisli aieas of infiltrations 
fiom ulueli, in some specimens, oo/cd milki fluid on sectioning The ueiglit of 
some lungs lias lemaikable—as high as 3 500 to 4 000 glams at autopsy 
Micioscopicalh, the all coll neie either paitnilli oi completelv filled rntli cosmo 
plulic gianulai, PAS positne, pioteinaceous matenal in ulueli theie neie tan 
mg numbers of foaim inoiioinicleai cells The lntcialieolai septi neie lemailc 
abh xiell pieseued and showed essentialli no cellular lnfiltiation and no 
pioteinaceous matenal It is thought, that most, if not all of this piotem 
matenal is denied fiom the tianstoimation of the laige mononucleai cells 
which lino all cob, the so called “septal cells” Mediastinal and peribionchial 
lympli nodes examined showed only icactiie lnpeiplasia and some eijtliro 
phagocytosis and weie not significantli cnlaigcd giossly 

Spectioseopie examination leicaled no endenco of lieaii metals and exami¬ 
nation foi ladioaetmtvleicaled none 

c 1SE REPORT 

Tho patient, T IC, age 50 (TJH Iso 31GS3), was a white male, e\ stevedore whose 
chief complaint was progressive dyspnea of one 3 cars duration This was associated with 
a nonproductive cough, luternuttuit nonspecific chest pains and, a few months before 
death, bv marked cvanosis and clubbing of his fingers He had been treated bv lus fanulv 
doctor for heart disease without improvement There was no history of hemoptysis, 
previous pulmonary diseases, or peripheral edema On the day of admission he Had had 
several dnnl s of alcohol, he collapsed into unconsciousness which precipitated lus initial 
hospitalization on Aug 31, 1958 

Past medical lustorv revealed no cardiov ascular, renal, or gastrointestinal diseases 
Ho denied allerg\, tuberculosis, or other senous illnesses 

Social historv revealed that he smoke 1 a package of cigarettes per day and drank 
alcoholic beverages in large amounts at times He had worked ns a stevedore until a 
vear before admission when he had retired because of dyspnea T-here was no lustorv of 
exposure to toxic fumes and du«t or tho consumption of oilv materials 

Physical examination revealed a chromcallv ill, w ell dev eloped out poorlv nourished 
man who had moderate dyspnea, evanosis, clubbing of fingers, and coarse riles bilitcrallv 
The temperature was 101° P respirations 32 pul«e 130, ind blood pressure 110/S0 mm 
Hg The heart was thought to be shghtlv enlarged but there was no evidence of decom 
pensatiou There was no lymphadenopathv and no enlargement of the abdominal viscera 
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Laboratory data included hemoglobin 14 giams, hematocrit 42 mm., leukocytes 
20,000 on admission with 79 per cent segmented neutrocytes, 19 per cent lymphocytes, and 
2 per cent monocytes. After antibiotics, the leukocytes numbered 7,000 with a normal 
differential count. Urinalysis was normal, serum bilirubin, calcium, alkaline phosphatase, 
potassium, and blood urea nitrogen were noimal. The phcnolsulfonphthalein test showed 8 
per cent retention in 4a minutes (normal 0-5), seium total proteins 7.0 giams per cent, 
albumin 3.5, and globulin 3.5. The transaminase varied from 28 to 52 units (noimal 
20-40), sedimentation rate 38 mm. per hour (normal 0-10). Multiple sputum studies were 
negative for tuberclo bacillus and fungus but did show nonhemolytic streptococcus and 
Staphylococcus alhtts. 



Fig-. 1.—Film taken on Oct. 14, 1958, showed "soft cottony” infiltration chiefly in mid and lower 

lung fields. 

Electrophoretic separation of serum proteins revealed liypoalbuminemia and liyper- 
globulinemia, the latter involving chiefly the alpha and beta fractions. The electro¬ 
cardiogram showed changes consistent with subendocardial ischemia. 

Skin tests for tuberculosis were positive on second strength, but were negative for 
histoplasmosis, blastomycosis, and coccidiomycosis. 

Chest x-ray studies (Pig. 1) revealed bilateral, diffuse granular, or slightly nodular 
pulmonary infiltration most marked in the mid and lower lung fields and no hilar adenop¬ 
athy. This was diagnosed as bronchopneumonia. 

The administration of digitalis and tetracycline resulted in a return to normal 
temperature and symptomatic improvement, without radiographic changes in the chest. 
After leaving the hospital 3 weeks after admission, the patient was followed in the Out- 
Patient Department and was noted to have increasing dyspnea, cyanosis, weakness, and 
dizziness. He was readmitted on Dec. 17, 1958. A roentgenogram of the chest showed a 
progression of pulmonary infiltration. The following day, I performed a lung and pleura 
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Fig. 2.—Hematoxylin and eosln preparation showing well-preserved, essentially norma! 
alveolar septa and Ailing of alveoli with granular proteinaceous material. Note absence of 
Inflammatory response. 



Fig. 3.- Note granular mononuclear septal cells and slit-like spaces which probably represent 
cnoicstcroi crystals. Occasional multi nucleated giant cells are also seen. 
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biopsy (Figs. 2 and 3) under 1 per cent procaine anesthesia, through the anterior right 
third interspace. There were fibrinous adhesions between the visceral and parietal 
pleurae; these surfaces weie dull gray and three times normal thickness. The lung was 
soft and friable and, upon sectioning, a milky fluid oozed diffusely from the cut sur¬ 
faces. The sutures cut tlnough the lung parenchyma readily while closing the defect. 
After operation, his condition was unchanged and a roentgenogiam showed no change in 
the chest. He again signed out 2 days after the operation. He was next seen on Jan. 
8, 1959, when he was deeply cjanotic, dyspneic, and died soon after admission from 
lespiratory insufficiency (Fig. 4). 



Fig'. 4.—Film taken on the day of death, Jan. 8, 1959, showed extensive densities of both lungs 

DISCUSSION 

Tlie etiology of this baffling disease remains unknown, but it is interesting 
to speculate in regard to the possible relationship to the inhalation of de¬ 
tergents, plastic fumes, and insecticides. Diseases most likely to lie confused 
with this lesion are pulmonary edema, pneumocvstis pneumonitis, and chronic 
interstitial pneumonia. Pulmonary edema presents a more acute picture which 
should respond to cardiorenal therapy. Pneumocystis infection usually occurs 
in premature infants who die in the second or third month of life. The roent¬ 
genogram may be quite like one of a case of proteinosis but examination of lung 
tissue reveals the parasites which produce this disease. Interstitial pulmonary 
fibrosis may be confusing clinically, but pathologically the picture is quite 
distinct from proteinosis. Miliary tuberculosis, sarcoidosis, and microlithiasis 
should offer little difficulty in differential diagnosis. 
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Theiapy —Tlicic is no Known spicifu tlieiapj asset Antibiotic mil anti 
fungus dings .no usd til loi supu imposed in led ions but li.uc no effect oil the 
disc iso itself Coitisom inn jnodiuc tunpoi.m sMiiptom itic lmpinu nu ill but 
has no 1 isting ( flu t 

Pioynous —Insufficient time bis (lapsed to „ain sigmheant data m this 
legaid In nil} case, hosvcyci, piosnosis should be gu.nded Of the senes le 
poited, 5 patients weie definitely nupiotcd at the time ot lcpoit One seemed to 
Ime fully leeoyeied, both clmicalh and ladiogiaplucalh In some, the symp 
toms nnpioyed but loentgenogiaphie studies did not, and nee yersa Eight 
base died fi om pulmonary insufficiency One patient died 4 months aftei onset, 
while auothei evpned I \cais aftei onset ol snnptoms Seteial patients hate 
had negative \ raj studies of the chest Iioiu 3 months to 10 seals befoie onset 
of symptoms 

bummanj —It seems unlikely that pulmonaiy aheolai piotemosis has been 
picsent foi mam seals, as the pathologic chainetenstics aie distinct and should 
not base been contused with picnoush Known diseases The onset is usually 
insidious and the clinical pietuie is eh nacten/ed In piogiessne dyspnea, cough, 
often piodnctise, and, latei, cyanosis and clubbing ot fingeis IJndiogiaplucally, 
theie is lnlateial diffuse lnfiltution ladiatmg fiom the lulum Pathologically, 
the alveoli oio filled yyith gianulai acidophilic piotein matenal which is licli in 
lipids The etiology and tieatmcnt .no obseme and piognosis is unceitain The 
only way to mahe a definite diagnosis in the hung patient is by lung biopsy 
which can be done leadily Enough a small mteicostal incision nndoi local 
anesthesia I suggest this pioceduie be used moic frequently foi undiagnosed 
cluonic pulmonary lesions 
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AORTIC-ESOPHAGEAL FISTULA 

Walter J. Henry, M.D., and Laurence Miscall, M.D., Neio York, N. Y. 


A ORTic-esopliageal fistula occurs so infrequently that rarely does a surgeon 
see more than one case in a lifetime. Therefore it is not surprising that 
the diagnosis has been made usually at postmortem examination. This case 
is the only one that has been seen on two large thoracic surgical sendees in 
New York in 25 years. Although it presented the characteristics previously 
described in the literature, like so many others, the correct diagnosis was es¬ 
tablished after death. 

CASE REPORT 

O. M., a 4-year-old mentally retarded Negro girl, was admitted to the Thoracic 
Surgical Service of Triboro Hospital on July 21, 1958. Her chief complaints were only 
mild retrosternal pain which had been quite severe at its onset 3 days before admission, and 
dysphagia which had progressed, on admission, to the complete refusal of oral intake. A 
history of foreign body ingestion was denied by the patient and her parents. She appeared 
chronically ill with a temperature of 101° F., a pulse of 100, and a blood pressure of 
120/80 mm. Hg. Her weight of 22 pounds was 15 pounds below normal. Dehydration was 
marked. The most prominent objective finding was substernal pain elicited by manual 
pressure. Examination of the heart and lungs was unremarkable. She had a hemoglobin 
of 14.3 grams, a hematocrit of 41.5 per cent, and a white count of 10,000. An emergency 
chest plate showed a foreign body, a coiled spring, in the esophagus, a right aortic arch, 
and minimal widening of the superior mediastinum (Fig. 1). 

With a diagnosis of perforation of the esophagus and mediastinitis, thoracotomy was 
performed. Under general anesthesia using endotracheal technique, the right posterior media¬ 
stinum was opened extrapleurally through a paravertebral incision. Exploration revealed 
a right-sided aorta and the spring within the esophagus just below the arch. Its lower end 
had penetrated both the esophageal and aortic walls. All tissues were edematous but frank 
pug was not found. The esophagus was mobilized anteriorly and the sharp end withdrawn 
from the aortic wall and then by rotation it was removed from the esophagus. Neither 
bleeding nor leakage occurred after this maneuver, and therefore no attempt was made to 
close the minute perforations. The incision was closed with drainage of the posterior medi¬ 
astinum. The foreign body v r as a spiral wire spring of two and one half turns with the 
diameter of a 20 gauge needle (Fig. 2). 

The patient did well in the early postoperative period. After 3 days of parenteral 
feeding, oral intake was started and increased to a semisolid diet by the seventh day. The 
drains were removed on the seventh day. On the eighth day, after several tarry stools, the 
hemoglobin was 7.4 grams with a hematocrit of 26 per cent and normal bleeding and clotting 
times. Studies of the gastrointestinal tract revealed only some degree of malrotation. On 

From the Thoracic Surgical Service, Triboro Hospital, Queens Hospital Center, Jamaica, 
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the tenth postoperative day, mild shock with hypotension and tachycardia was attributed 
to gastric hemorrhage after fresh and dark clotted blood was aspirated from the stomach, 
A suspicion of blood dysciasia was not substantiated by further detailed study. The situa¬ 
tion was controlled on each occasion by blood transfusions. She improved until the thirteenth 
postoperative day when, following se\eial black stools, she again showed hemorrhagic shock. 



V ; ■ 

Fir. 1.—Roentgenogram showing the wire spring which perforatPd the esophagus and the right 

aortic arch. 
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2.—Photograph of the spiral spring. 

A gastric tube was passed with particular attention to aspiration of the esophagus which 
did not yield blood. She again responded to transfusions. On the morning of the fourteenth 
postoperative day, she appeared alert and comfortable with a rapid pulse but she was not 
in shock. While a blood transfusion was being started she suddenly had a massive hemateme- 
sis nnd died. 

At autopsy, a fistula between the esophagus and the arch of the right-sided aorta was 
demonstrated. This tract was 2 ram. in diameter and 1 cm. in length (Fig. 3). The tissue 
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Fig 3—Photograph of the opened esophagus with a probe in the fistulous tract. 



Pip- 4_Photomicxograph of the plug of tissue remoi ed from the esophageal orifice of 

the fistulous tract Note the necrotic tissue membrane -with a large number of inflammatory 
cells, bacterial colonies, and some squamous cells 
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of the fistula was edematous and inflamed but without frank pu<? Microscopic examination 
of this tract showed a necrotic tissue membrane with mam mflammnton cells, frequent 
bactenal colonies, and a feu *!quamous cells (Fig 4) Culture*? of the specimen showed a 
coagulase positue Staphylococcus aureus Other findings were situs imersus and a stomach 
filled with blood 

DISCUSSION 

Barrie and Tovmo\\m a lcyieyy in 1940 ot the litciatiue of aoitic 
esophageal fistula, found SO lopoited cases Since that time otliei eases have 
been added 21 These lepoits indicate that the following featmes are quite 
constant The peifoiation has lieen caused usually bv a sliaip object, often a 
fish oi rablnt bone, which piobalih accounts for the laiger number of cases 
lepoited from the British Isles wlieie such foods aic common The aorta has 
been the great, ycssel most ficqucnth imolyed due to its pio\unity to the area 
of the esophagus where foieign bodies often lodge Aftei the ingestion of a 
ioieign body, chest pain oecuned in the majontv of eases, receded foi a vanahle 
time but geneialh lctnincd befoic death fioin hemonhage A stuking fact 
is the legulanh with which a fatal hemonhage has been pieccded by a signal 
liemonhage Bailie and Tow mow 1 m piesentmg IS well documented eases 
obsened that all exhibited such signal liemonhage The mteival ayeiagcd 
1 day and ranged hom 2 Uouis to 3 d.vvs In om case, the fiist ondence of 
bleeding was 7 dais pnoi to death Spasm of the aitenal wall closing the 
onfice, hypotension iiom liemonhage, and ocelusion of the fistula be clots, latei 
digested with infection, lnne been offeied as lensons foi the latent period 
The sequence of erents m the formation of such fistulas may follow this 
pattern The esophagus is peifoiatcd bv a sliaip object at the aoitic aich ley el 
with leakage into the mediastinum The sliaip cud may cithci lnjiue the aortic 
•wall oi completely tlayeise it, as m om ease The foieign bode may pass 
tluough the alimentan tiact spontaneously or be remoyed suigicallv Sepsis 
follows in the wall of the esophagus and aoita and sunoundmg aiea A fistula 
then evolyes fiom infection and abetted, pcihaps by digestion fiom esophageal 
contents The initial bleeding mav exeit some tamponade effect only to lecui 
as a fatal and massiye lieinoi lliage with further piogiess of infection and diges 
tion We have not found in the liteiatmc am case of established aoitic esoplia 
geal fistula which lias been successfully treated Eyen if the diagnosis yyeie 
established aftei the signal liemonhage, with the fistula alieadv established, 
suigical tieatmcnt m tile piesenee of such infection yyonld be a challenging 
pioblem In anticipation of tins entity the best appioacli seems to bo its pie 
yention These suggestions aie offeied attei the cxpeiience with tins patient 
Foieign bodies of tins type yyitli significant symptoms mduatiye of passible 
injun to the aoit.i should be lemoyed e.uh tbioiigli an open evtiaplcuial ap 
pioacli if possible Tins is paitieulaily tine if seiious symptoms and signs of 
mediastimtis aie piesent The esophagus and aoita should be sepaiated by 
the mtciposition of otliei tissues and the area drained Eyen though small 
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the esophageal opening should be closed by sutures and the esophageal lumen 
drained by tubes with constant suction. Antibiotic therapy should be broad 
and massive in type and should be continued for a considerable time. 
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A PULSATING EPIGASTRIC MASS DUE TO PERFORATION 
OF A TUBERCULOUS PERICARDIAL ABSCESS 
THROUGH THE DIAPHRAGM 

R. G. Comm, M.D.,* H. B. Murdaugh, ]iM.D.,** and 
H D. Macintosh, M.D.,*** Dm bam, N. C. 


P ericardial cysts and diverticula appear radioginpliieally as projections 
from the cardiac silhouette, hut a definite diagnosis is not commonly es¬ 
tablished piior to thoracotomy. They may be asymptomatic or may cause 
pain, fullness m the chest, and cough 1 Extensive anatomic derangement or 
destruction of neighboring structures laicly occurs The only repoit of such 
a case was published bj’ E H. Cushing in 1937 3 His patient had a tubei- 
culous pericardial divciticulum which dissected through the anterior chest 
wall. The present repoit concerns a patient who also had a tuberculous 
pericardial diverticulum or abscess that perforated the diaphragm and pre¬ 
sented m the epigastimm as a pulsating mass 


CASE SFPORT 


J. A 0 , si 50 year old textile worker, was admitted to the Durham Veterans Admimstra 
tion Hospital on Dec 14, 1953, with the chief complaint of pain m Ins chest and abdomen 
He had considered himself well until 11 weeks prior to admission when he had developed a 
“2 week cold" characterized by cough and left lateral pleuritic chest pam He consulted 
his physician and was given symptomatic therapy. The cough subsided, but the pleuritic 
pain persisted and was associated with a constant dull pain along the left anterolateral 
costal margin which radiated into the epigastuum After 2 weeks of continual discomfort, 
he again consulted his physician, and a pulsating mass was found in the epigastrium The 
patient was hospitalized clsewdiere Fluoroscopic examination and x ray studies, with the 
aid of induced pneumoperitoneum, repealed a pulsating 15 cm Inlobular mass in the cpv 
gastnum The patient declined surgical exploration and returned home to bed rest Due 
to persistence of pam, the patient again sought medical attention and was admitted to the 
Durham Veterans Administration Hospital 

The patient denied haring had any chest pam prior to his present illness and had no 
known contact with tuberculosis He denied hanng had ferer, chills, or night sweats, but 
had lost approximately 10 pounds m weight during his present illness There was no past 
history^ of hypertension, syphilis, intermittent claudication, or symptoms of congestive failure 
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Physical examination revealed a temperature of 98° F., blood pressure 90/60 mm. Ilg, 
a pulse late of 96, and a respiratory rate of 16. Fiemitus, resonance, and breath sounds 
uere diminished at the left lung base. The heart was not enlaiged laterally to percussion 
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Fig 1—Phonocarcliogram of apex A is contiol and 5 is with application of pressuie to the 

epigasti ic mass 



Fig. 2—Roentgenogi am of the chest on admission to the hospital. 

No murmurs were heaTd over the precordium. The aortic and pulmonic second sounds were 
of equal intensity. The second sound at the apex was split. TJieie was a 9 to 10 cm. mass 
in the epigastrium which pulsated paradoxically with ventricular contraction, the expansion 


\ol >•! No 2 PERIOKVTION or TUBERCUJ OU 1 ^ PrRIP\RDI\L ABSCESS 2fi5 
Tebruarj 1960 

otcumng before the carotid and funonl pulsition I lie miss was dull to pucus&ion and 
blended into the aiea of cirdiac dullness A minmur could not be hcaid, but there uis a 
tiariMm^sion of the* second sound from the cirdmc ijix our the miss J he splitting of 
the see on 1 sound could le ebliterite 1 lij cxtrtmg pressure cn tin miss (Pig 1) No inuiiuui 
eould b 1 ird postcnorlj The Imr, spleen, md lilne\s were not p ilpabl Huh was 
no \enous eIiste*ution and puiphcrnl pulses weic norm il 

llic Ivulm test was ncgitnc Wlitc blood eell count w is 7 ,400 With a normal dif 
ferential Hemoglobin was 12 3 giams per cent and the sedimentation rate (Wmtiobe) was 
51 mm per hour Unnaljsis was normal V locntgenogram (Fig 2) re\ealed a left pleural 
effusion, but a parenchjmal lesion could not be seen lhoi leentcsis confirmed the presence 



Fif, l— Xrtists concept of tlie peticarlial abscess perfoiatinff tfiapl ragm shown in mul 
plane s egittal section The abscess Is below the heart extends In front of tie liver displaces 
tie stomach down an 1 i loduces the epig istnc protuberance 

of a pleural ellusion, the fluid being cloud} and stnw colored in ipptinncc The specific 
grant) was 1019 and there were 4,42o white blood cells per eubic millimeter of winch 90 
p<r cent wore mononueleai eells Protein untent of the fluid w is 3 4 grams per cent No 
tubercle bacilli could be dimt nstrate 1 by either stain or culture The cells were classified 
as Papamcol iou Tjpe III lirst strength tuberculin PPI) si m test was positive The 
electrocardiogram showed a horizontal axis and rwuvc cl mges consistent with left ven 
trieul ir isclicnui N raj studies* of the abdomen, mclulmg plnmgraphj and studies before 
and after induced pneumoperitoneum, revelled a well outlined epigastric miss which was 
noncalcificd and caudad to the diaphragm 

At suigicnl exploration on Dec 31, 19o3, the ibdominal cavitj was entered through ui 
upper nudhne incision i pulsating mass was encountered which was not attached to the 
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anterior parietal peritoneum and appeared to be covered with a layer of peritoneum. Pulsa¬ 
tions were synchronous with ventricular contraction and quite distinct from pulsations of 
the abdominal aorta. The mass was adherent to the dome of the liver but could be sep¬ 
arated readily by blunt dissection (Fig. 3). As the mass appeared to arise from above the 
diaphragm, the incision was extended into the left thorax through the eighth interspace. 
As the pleura was opened, the pleura and pericardium were seen studded with tubercles; 
the pleura was biopsied. The mass appeared to arise from the pericardium, displacing the 
anterior leaf of the diaphragm with a ventral perforation through this structure. At the 
point of perforation, the mass was approximately 6 cm. in diameter and no communication 
with the pericardial space could be demonstrated. Needle aspiration revealed thick, yellow, 
purulent material. The chest incision was closed, and the lower half of the abdominal in¬ 
cision was also closed so that the mass could be isolated from the peritoneal space. Approxi¬ 
mately 500 c.c. of thick, yellow pus was drained, cultures of which subsequently yielded 



Fig 4.—Follow-up roentgenogram of the chest. 


tubercle bacilli. Drains were placed in the abscess cavity, and the upper portion of the 
abdominal incision was left open. The patient was started on chemotherapy receiving 300 
mg. of isonicotinic acid liydrazide (INH), 12 Gm. para-aminosalicylic acid (PAS), and 2 
Gm. streptomycin daily from Dec. 31, 1953, until Jan. 29, 1954, when PAS was discontinued 
and streptomycin reduced to 1 Gm. twice weekly. The postoperative course was uneventful. 
By the end of 6 weeks the abscess cavity had completely healed and the electrocardiogram 
returned to normal. On April 14, 1954, the patient was sent home on modified bed rest with 
instructions to continue chemotherapy. 

Following discharge from the hospital, the patient continued to do well and remained 
symptom free. Streptomycin was discontinued in January, 1955, and INH in June, 1955. 
In September, 1955, a roentgenogram (Fig. 4) and electrocardiogram were normal, and 
the patient had returned to work. Our last communication was in April, 1958, at which 
time he was asymptomatic and working full time. 
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DISCUSSION 

Halt* lepoited the first pencaidial pioiection m 1837 Subsequent repents 
have suggested that such pioiections maj lepiesent a true poncardial hernia, 
a eoelonue evst, a congenital pencaidial diveitieulum, oi an acquned oi in 
flammatoiv peneaidial diverticulum 2 11 A true pencaidial hernia has been 

descubed as a piotiusion of the seious membrane thiough a defect m the 
fibrous mcmbianc of the peneardium in Coelomic cists aie thought to lepiesent 
a persistence of the ventral panetal recess of the pencaidial coelom 11 They 
are usuallj located at the light caidiopliicnic angle and do not communicate 
with the pencaidial space While some autliois consult.! pencaidial dnertieula 
as congenital m oiigm, otlieis believe that tliei lesult fiom inflammatoiv 
processes 2 r 8 13 

Tubercle bacilli have laieli been demonstiatcd m pencaidial diverticula 
Fieedman’ 4 lepoited 2 such cases m 1037, but one of these had been pieviouslv 
lepoited by Cushing Eschbach’" m his lcvievv enoneouslv leiened to these 
as 3 cises 

Tubeiculosis, even until its piotean manifestations does not often involve 
the muscle component of the diaplnagni Tn, 15 m 1950, reported vvliat was 
stated to be the second case of a tubeiculoma of the diaplnagni Luekc’ 0 
desenbos caseous foci in the diaphiagmatic muscle in militaiy tubeiculosis, 
and Tobias’ lepoited immobilization of diaplnagni with tubeiculous involve 
ment of the muscle of the diaplnagni Aucihach 18 leviewed 209 cases of tuliei- 
culosis of scions cavities and descubed 11 instances of spiead of tubeiculosis 
thiough the diaphiagm to the pciitoncum via the lvmphatics and 5 cases of 
spiead fiom the peritoneum to the pleuia bv caseous foci through the wall of 
the diaplnagni He did not recoid the occmrence of pcrfoiation of the dia 
plnagm bv a supiadiaphiagmatic tubeiculous abscess Tuberculous abscesses 
of the pentoneal cavitv, however, have been known to peifoiate the dm 
plnagm ” 

SUVIVI VRV 

An inflammatorv pencaidial div eitieulum oi abscess of tubeiculous oiigm 
that peiioiated the diaplnagm and piesentcd m the epigastnum as a pulsating 
mass is reported This lepoit is ot mtcicst not onlj because ot its lantv, but 
because it again demonstrates the destiaction possible fiom an lnflammatoi \ 
pencaidial abscess and descnbes an unusual tv pc ol epigastric mass 
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A COMPLICATION OF THE HUFNAGLE VALVE 
A Case Report 

L. Wallet Fix, M.D.,* and Robetl Rikei, Captain, USAF (MC),** 

Mailinsbt/tg, W. Va. 

N umerous attempts to leinedy the defects in the cauliac-vahulai system 
pioduced l>y tlie many congenital, infections, and degeneiative pioeesses of 
man have been made 1 - 2 ’ 1 It is appatent that some degiee of success has been 
achieved* 1 but inadequacy of the present techniques is evidenced by the con¬ 
stant new appioaclies to the problem 6 

A recent case studied clinically and anatomically at this hospital demon¬ 
strated a postopeiative complication that does not seem to have been pieviously 
lepoited 

CASE REPORT 

A 28 v ear old white man had rheumatic heait disease with aortic insufficiency of 
such degree that surgical valve insert in the aorta was considered advisable In Mav, 195G, 
the patient had a Hufnagle vnlve, plastic t}pe, inserted in the descending thoracic aorta 
at another hospital Recover} wns txccllent and the patient had one voir of fairl} normal 
life 

In Mav, 1957, he was admitted to this hospital with signs and S}inptoms of a left 
femoral artcr} embolus An embolectomv ot the left femoral profunda arterv was per 
formed He was discharged on anticoagulants and did well In June, anticoagulants were 
discontinued In September, 1957, pain in the left calf was noted but palpable pulses and 
warm extremit} were piesent Arterioginm showed definite narrowing at site of previous 
embolectoni} He was dischaigcd with the advice that a b}pass operation would be per 
formed if pain persisted 

In April, 395S, acute sudden pam developed, associated with numbness and coldness 
of the left leg Dorsalis pedis and posterior tibialis pulses wcie absent on the left Con 
seivatne management wns administered lie recoveied faul} satisfactorily with some 
residual claudication and was sent home on leave On Jul} 27, 1958, while on leave, 
sudden acute right leg pain was experienced The right tcmoral pulse was good but dorsalis 
pedis and postenor tibialis vessels were without jmlse The right leg was colder than the 
cool left one An nortogram showed occlusion of left common iliac at its bifuication A 
right femoral uitenogrnm showed occlusion of a segment of the right popliteal artery with 
fm filling below. On Vug 7, 19IS, aright popliteil arterv embolectomv was performed 
Anticoagnl nits vveie ndmiinsleied Recouiv from this operative procedure was uneventful. 

RiCtived for publication ‘March 23. 19 >9 

* Assistant Chief Liboratorj, VA Center, Martinsburg W Vi and \s«soci ttc in Pathologv, 
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Microscopic studios of the valve ball demonstrated an organized laminated thrombus 
without evidence of any bacterial growth or inflammatory reaction surrounding it. Sec¬ 
tions through the embolus in the left femoral artery showed a well-oiganizcd portion at 
the origin of the profunda branch with a more recent thrombus above this site. Blood 
cultures were negative for bacterial growth. 


CONCLUSIONS 

Although artificial valves hold great promise in the surgical treatment of 
those who have valvular defects, one must select the material of which they 
are made very carefully. In addition, long-term follow-ups will bo necessary 
to assay the hemodynamic consequences and deteriorative tendencies of such 
prostheses. In this case, the laminated piastic material finally broke down 
with resultant split in the surface. At this site, the ball developed a throm¬ 
bus. Multiple emboli broke off from the thrombus with resultant peripheral 
arterial occlusion. The laminated hollow ball proved undesirable in Ibis case 
because it split with resultant thrombus formation. 


SUMMARY 

A thrombus formed in a 28-year-old white man as a result of splitting of 
the lamina in the plastic ball of a Ilufnagle valve. Multiple emboli from this 
artificial valve thrombus occurred over a period of 1*4 years. Emboli in 
patients with artificial valves must be carefully considered as potentially 
arising from the valve. 
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A SIMPLE OVERHEAD STERNUM RETRACTOR 

John Sloiei, M.D., and Ed wend R. Malta, M.D., Cleveland, Ohio 

R etraction of tlie sternum during the surgical attack on certain cardiac 
lesions lias formerly requiicd the concerted effort of one assistant. This, 
of course, applies only to the incisions making use of a transverse sternotomy. 
It is our practice in most cases requiring total body perfusion to make a bilateral 
submammary incision tlnough the fourth intercostal space, and to transect the 



Fig 1—Sternum ictractoi assembly suspended o\er operating table 


sternum in V-slmped fashion. AVc have used a variety of ictractors to spiead 
the inteispaces but all have the disadvantage of displacing the inferior poition 
of the thoracic cage along with the inferior portion of the transected sternum in 
a posterior direction. This exerts an undue amount of pressmo on the myo¬ 
cardium and visibly affects the cardiac action. It is cxtieiuely incotn cnient for 
an assistant to maintain continuous ti action on this portion of the sternum and 
almost impossible over a piolonged period to keep tlie sternum off of the myo- 
eiiidium It therefore occuncd to one of us (E. R 51) that two hooks could be 
inserted around the fifth rib, just lateral to the sternum, and suspended from an 
o\ei-hanging pulley. This implement has been used in the last 20 procedures 
which lequired this type of incision It lias piovcd to lie completely satisfac¬ 
tory. The coul which is attached to the sternal hooks does not interfeie with 
tlie surgical technique in any way. 

Ftom tin lHp irtmrntH of Thoincic and C.irilUtN t*,<ul tr Suiun tnd Vindhi siologv Huron 
Hoad Hospital, Cleveland 12. Ohio 
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This retractor is arranged in our operating room by fixing a metal shaft to 
the two parallel supports for the American sterilizer dual video lights (Model 
D-V 22). A simple pulley and stout cord aie then sterilized and just prepara¬ 
tory to surgery one of the completely gowned assistants fastens the pulley and 
cord to the overhanging rod The operating table is situated under this rod in 
such a manner that the pull on the hook will be at about a 10-degree angle to¬ 
ward the feet. The cord is tied into a small bundle and left suspended in the 
air until that point in the operative procedure is reached when sternal retraction 




Fig- 3 —Method of fixation of rod to overhead lights. 


is necessary. Then the hooks are inserted under the fifth ribs on either side of 
the sternum and the cord passed through a ring which supports the hooks 
Traction is made on the cord sufficiently so that the sternum is elevated to the 
required amount. Two large clamps are placed on the cords for fixation. 

Accidental contamination of the cord, prior to sternal retraction, occurred 
following manipulation of the overhead lights the first time it was used. This 
has been controlled by familiarity with the presence of the cord and delegating 
to one circulating mil’se the complete responsibility for all manipulation of the 
overhead lights. 
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PHYSIOLOGIC STUDIES DURING HIGH FLOW, 

NORMOTHERMIC, WHOLE BODY PERFUSION 

Dwight C. AlcGoon, M.D.,* Emerson A. Moffitt, M.D.,** Richard A. Theye, 
M.D.,** and John IP’’. Kirklin, M.D.,* Rochester, Minn. 

W hole body perfusion for open intracardiac operations may be accomplished 
by a variety of techniques. Experience has led to the evolution of the 
system of high flow, normothermic’ perfusion which has been employed in this 
institution and found to be clinically satisfactory. The purpose of this study 
is to document the effect of such a perfusion upon certain physiologic variables 
in the perfused subject. 

MATERIAL 

During the last 2 weeks of August, 1958, 3 patients having acyanotic con¬ 
genital heart disease were selected for study from the operative schedule of 
the Jlavo Clinic. 

Case 1 was that of a 10-year-old girl whose only symptom was easy fatiga¬ 
bility. She weighed 36 kilograms and had a body surface area of 1.24 square 
meters. There was no precordial thrill, and the systolic murmur was only 
moderately loud. The heart was not enlarged. Cardiac catheterization per¬ 
formed elsewhere had indicated the presence of both atrial and ventricular 
septal defects. At operation on Aug. 19, 1958, an atrial septal defect was re- 
From the Mayo Clinic ami Majo Foundation, Rochester, Minn. 

The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
University of Minnesota. 
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paired, but ventriculotomy and careful searcli revealed an intact ventricular 
septum. Her recovery was uneventful, and she was dismissed from the hos¬ 
pital 9 days later. A very faint residual systolic murmur could be heard. 

Case 2 was that of a 9-year-old boy who had had fatigability and dyspnea 
on exertion throughout life. He weighed 41 kilograms, and his surface area 
was 1.24 square meters. His heart was overactive. He had a preeordial thrill 
and an extremely loud systolic murmur. The heart was enlarged and the 
pulmonary vascular markings prominent. At operation on Aug. 26, 1958, the 
right ventricular systolic pressure was 45 mm. Hg. A typical high ventricular 
septal defect was identified and repaired by direct suture. His recovery was 
uneventful and he was dismissed from the hospital 11 days later, with no 
residual mui'mur audible. 

Case 3 was that of a 9-ycar-old boy who had been slow to gain weight and 
who always seemed tired in spite of limited activities. He weighed 23 kilo¬ 
grams, and his surface area was 0.92 square meter. There was no precordial 
thrill, but a harsh systolic murmur and a markedly accentuated second pul¬ 
monic sound were present. The heart and pulmonary-artery segment were 
large at the time of operation (Aug. 28, 195S), and the right and left ven¬ 
tricular pressures were equal. A large patent ductus was identified and doubly 
ligated. A typical high ventricular septal defect was repaired by direct suture. 
Following perfusion, the right ventricular systolic pressure was normal (30 
mm. Hg). The postoperative course was smooth, and the patient was dismissed 
from the hospital in 12 days, at which time no murmurs could be heard, al¬ 
though the second pulmonic sound remained somewhat accentuated. 

METHOD 

Anesthesia was induced with thiopental sodium and maintained with a 
mixture of 70 per cent nitrous oxide and 30 per cent oxygen at high flows, aug¬ 
mented as required with small doses of succinylclioline administered intra¬ 
venously. Exposure for the operation was obtained through a bilateral anterior 
thoracotomy. Cannulation methods were those described previously. 1 . A Gibbon- 
Mayo pump-oxygenator was used. 2 ’ 3 

The rate of blood flow during perfusion was anticipated on the basis of 
previous experience, utilizing a system of perfusion wherein the rate of blood 
flow was controlled entirely by the rate of venous return. That experience 
indicated that when venous cannulation is perfect, and the patient nonno- 
thermic, the perfusion rate is approximately 2.4 L. per minute per square 
meter of body surface 4 in the small child, diminishing to 2.0 L. per minute 
per square meter for an adult. Therefore, for children of the size selected for 
the present study, a flow of approximately 2.3 L. per minute per square meter 
of body surface was anticipated. 

The pump which propels venous blood to the top of the oxygenator (the 
oxygenator pump) was set before the perfusion to deliver blood at this rate. 
The output of the arterial pump is regulated by level-sensing devices to equal 
the rate of venous blood return from the patient, up to a maximum that equals 
the output of the oxygenator pump. Venous return exceeding this volume per 
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minute accumulates and is sequestered in the venous leservoir and such blood 
is called “venous reseivoir excess ” Such excess usually accumulates aftei the 
heart is opened and the intiacaidiae blood is aspirated, and is thought m the 
mam to represent central blood volume If venous return should dimmish latei 
in the pel fusion as a lcsult of suigical hemorrhage, the excess blood in the 
venous reservoir will be icturned automatically by the machine to the eireula 
tion Undei these cncumstances, transfusion of a similar amount of blood will 
be requued at the end of the perfusion when the central compartment is le 
filled 

There was no lecnculation of blood through the oxygenator duiing total 
perfusion A gas mixture consisting of 10 L of oxygen and 02 L of caibon 
dioxide was passed through the oxjgenator each minute 

Normal body temperature is maintained in the perfusate by incorporating 
in the pump oxygenator a heat exchanger of the type developed by Brown 
and his colleagues 5 The oxygenator pump moves blood through the heat ex 
changer before it reaches the oxygenator 

Body temperature was measured by means of a tlieimistor passed trails 
nasally into the mid esophagus 

Venous pressuie was measured by a plastic needle placed peicutaneously 
into the left external jugular vein and by another placed in the right saphenous 
vein at the ankle These were connected by nylon tubing to strain gauge 
manometers wlucli activated appropriate apparatus for peimanent recording 
of the piessure tracings on photographic papei 0 Similarly, arterial pressures 
weio recoided by means of a small catlietei passed 6 inches proximally tliiough 
a needle placed percutaneously into the right femoral artery Appropriate 
measurements were then made fiom the developed photographic paper The 
mean venous piessure is heie considered to be the average of the external jugulai 
and the saphenous mean pressure 

A tachometer that measured the rate of rotation of the artcual pump 
lecoided on the same photographic papei Prom this infoimation, the rate 
of blood flow through the extracorporeal circuit was determined The output 
of the arterial pump was calibrated following each perfusion against pressures 
equal to those occurring during perfusion in the arterial line leading to the 
patient The pressures generated in this arterial line weie measured by a 
manometci system which is connected by a side arm to the aitenal line 

Values for total peripheral resistance expressed m dynes seconds centi 
meters 5 were obtained by application of the formula 

total peripheral resistance = 

(mean artenal - mean venous pressuie in mm H g ) x 1,333 x CO 
blood flow in liters per minute x 1,000 
Blood samples used in the study of acid base balance were drawn from an 
arteij of the patient or the arterial line of the machine into steiilc syringes, 
the dead space m the sinnges having been filled with undiluted liepaim solu 
tion wlucli prevented clotting and enabled the procurement of blood samples 
free of air bubbles The syringes were immediately capped and placed m ice, 
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and the samples were analyzed without delay for plasma carbon dioxide con¬ 
tent, plasma pH, and erythrocytic volume percentage (hematocrit reading). 
Plasma carbon dioxide was determined on blood centrifuged after the method 
of Davenport 7 and analyzed by the method of Van Slyke and Neill. 8 Plasma 
pH was determined in a glass electrode assembly (Cambridge research model 
pH meter) enclosed in a circulated water jacket and maintained at 37° ± 0.1° C. 
For hematocrit determinations, blood was centrifuged in AVintrobe-Magath tubes 
at 1,500 revolutions per minute for 20 minutes. From these data, values for 
the partial pressure of carbon dioxide in the plasma and for the buffer base 
in whole blood were derived from the nomogram of Singer and Hastings.® 

At about the mid-point of each perfusion, samples of whole blood were ob¬ 
tained from the venous and arterial lines of the bypass apparatus for the detei’- 
mination of oxygen content and oxygen capacity by the method of Van Slyke 
and Neill. 8 Oxygen consumption was then calculated from the formula: 
oxygen consumption = blood flow rate x (ai'terial blood - venous blood oxygen 
content). The error in this determination, resulting from the fact that bronchial 
arterial blood flow returns dii'ectly to the heart, is estimated to be negligible in 
these patients. 

Oxygen tension of arterial blood was determined by the polarographic 
method, 1<K ' ! utilizing a sterile Clark oxygen electrode introduced directly into 
the flowing blood column in the arterial line of the bypass apparatus. 

Percentage saturation of hemoglobin with oxygen was calculated after 
correcting for dissolved oxygen by dividing the oxygen content of the sample 
by its oxygen capacity. Dissolved oxygen content ixx the arterialized samples 
was calculated fi’om two factors: the oxygen tension (p0 2 ) observed at the 
appropriate oxygen electrode at the time the sample was withdrawn, and the 
solubility coefficient for whole blood (0.023 c.c. of oxygen per cubic centimeter 
of solution at a p0 2 of 760 mm. Hg at 37° C.). 11 In the samples of venous 
blood, dissolved oxygen content was assumed to be 0.12 volume per 100 c.c. 
(that is, having a p0 2 of 40 mm. Hg). 

RESULTS 

Figs. 1, 2, and 3 record the arterial and venous pressures, flow rates, total 
peripheral resistances, venous reservoir excesses, and transfusions required dur¬ 
ing the perfusions in the 3 patients, respectively. 

Mean arterial blood pressure dropped significantly (10 to 30 mm. Hg) at 
the time perfusion was begun, but during perfusion there was a definite small 
increase in the mean arterial pressure in 2 of the 3 cases. Total peripheral 
vascular resistance also increased during the period of perfusion in these 1 2 
patients, but dropped significantly in all 3 patients at the instant cardiac asys¬ 
tole was relinquished. 

The mean venous blood pressure remained essentially constant throughout 
each of the perfusions. The rate of blood flow during total perfusion was like¬ 
wise constant in each of the cases, being approximately 2.3 L. per minute per 

‘These determinations were made by Dr. Manly Levin during the course of more exten- 
• sive studies relating to blood oxygen tensions during perfusion. 
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squaic mctei of body surface The excess volume of blood aboie that which 
was lequned to maintain these blood flows was automatically witlidiawn fiom 
eudilation into the venous icsenoii, as is also demonstrated by the giaphs 
During mtiacaidiac lepair the attendant suigieal blood loss led not only to the 
gradual automatic return of this sequesteied blood to the cuculating volume 
but also lequned the transfusion of additional heparinized blood, amounting to 
about 600 e c m each instance 



Fig 1 —Hemodynamic data recorded during perfution in Case 1 


In Table I aie lecordedtlie sizes of the arterial and venous cannulas used 
in the tluee patients, together with the blood flow lates employed, and the 
pressures that developed on either side of the cannulas Prom this information, 
the piessure gradients acioss the cannulas were computed Poi the venous 
cannulas this gradient vaned fiom 20 to 26 mm Hg, and for the arterial, 
fiom 35 to 80 mm Hg 


Table I Cannula Size and Pressure Gradient 





\E\OUS 

CANNULAS 



ARTERIAL 

CANNULAS 


SF 

now 
(l/min ) 

INTERNAL 

DIAMETER 

(INCIIES) 

VENOUS 

PRESSURE* 

VENOUS 

PESEF\01P 

PRESSURE* 

APPRO\ 

GRADIENT* 

INTERNAL 
DIAMETER 
(MM ) 

ARTERIAI 

PRESSURE* 

LINE 

PRESSURE* 

GRADIENT* 

1 

2 6 


13 to 1G 

-3 to -10 

20 

5 4 

45 55 

100 125 

60 70 

o 



19 to 25 

-3 to -10 

2G 

54 

45 85 

105 160 

GO SO 

3 

21 


13 to 19 

-3 to -10 

20 

G 4 

55 65 

85 100 

35 40 


♦In millimeters of mercury 
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Fig 1 . 2.—Hemodynamic data recorded during perfusion in Case 2. 


Arterial 
blood 
pressure 
mm Hg 


Mean venous 
blood pressure 


Tolol 
peripherol 
resistcnce 
dynes sec cm* 5 


Total blood flow 

Iiters/min/sqm 


Venous reservoir 
excess, cc. 



Time on perfusion (minutes) 

Fig. 3.—Hemodynamic data recorded during perfusion in Case 3. 
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Fig. 4 records the esophageal temperatures in each of the 3 cases. Al¬ 
though there was considerable variation in body temperature both before and 
after perfusion in these patients, the arterialized blood was constantly main¬ 
tained during perfusion within the range of 36.5° to 37.5° C. After the be¬ 
ginning of perfusion, body temperature quickly equilibrated with the tempera¬ 
ture of the perfusate. 

Table II and Figs. 5, 6, and 7 record the acid-base balance that occurred 
throughout the operative procedure. It will be noted that the tension of car¬ 
bon dioxide in the blood of the patients was markedly reduced by the hyper¬ 
ventilation associated with anesthesia and controlled respiration. Although 
some reduction in blood buffer base occurred during the course of anesthesia 
and operation, indicating accumulation of acid metabolites, the blood remained 
alkalotic owing to the overcompensation of hypocapnia. As perfusion is begun, 



Time m minutes 

Fig. 4 —Esophageal temperature of the 3 patients during operation 


mixing of the blood of the patient and the blood in the apparatus occurs. This 
mixing has been indicated by the cross-hatched zones on the graphs. The value 
for buffer base, which represents an accurate index to metabolic factors af¬ 
fecting acid-base balance, 0 dropped slightly during two of the three perfusions, 
and climbed in the third. 

Blood for the final determination relating to acid-base balance was drawn 
just after completion of the operation, following extubation of the patient, 
and some time after spontaneous respiration had been resumed. This accounts 
for the high concentration of carbon dioxide and low pll at that time, but is 
not indicative of increased metabolic acidosis, as is evident from the stable level 
of buffer base. Although no determinations were made between the time of 
completion of perfusion and the time of completion of anesthesia, the dotted 
lines on the graphs are indicative of the supposition that resumption of con¬ 
trolled hyperventilation following perfusion again caused reduction in the 
partial pressure of carbon dioxide in the blood. 

The percentage saturations of hemoglobin in venous blood returning from 
the patient and in arterial blood returning to him at about the mid-point of the 
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F ig 7 —Acid base balance occurring throughout the operative procedure in Case 3 


Table II Acid Base Balance 




HEMATOCRIT 




BUFFER 




READING 


EHsbij 

PLASMA 

BASE 

pco 

CASE 

SAMPLE* 

(nnc vol %) 


I P« 

(mEq/L ) 

(MM/Hg) 

1 

1 

38 0 

St 

19 85 




o 

36 5 

s 

11 51 

7 429 

35 7 

17 2 

3 

42 0 

s 

13 88 

7 545 

41 7 

15 7 

4 

39 0 

bt 

12 41 

7 438 

38 8 

214 

5 

—■ 

s 

15 26 

7 397 

41 2 

28 S 

G 

40 0 

s 

19 51 

7 267 

41 8 

47 0 

o 

1 

43 0 

s 

22 82 

7 400 

45 3 

36 0 

2 

42 5 

s 

14 65 

7 489 

41 0 

19 0 

3 

— 

s 

14 63 

7 410 

38 6 

22 2 

4 

37 5 

b 

14 75 

7 351 

38 8 

30 0 

5 

410 

S 

16 87 

7 295 

38 0 

33 0 

6 

40 5 

S 

18 09 

7 233 

37 6 

40 8 

3 

1 

39 5 

S 

19 71 

7 447 

43 5 

27 7 

o 

39 0 

s 

13 39 

7 526 

39 8 

16 3 

3 

35 0 

s 

13 89 

7 445 

37 7 

19 7 

4 

37 5 

b 

14 48 

7 386 

38 7 

27 9 

5 

37 5 

s 

16 36 

7 363 

38 4 

28 0 

6 

44 0 

s 

20 37 

7 200 

38 0 

49 0 


•Identification of samples (arterial blood) 


1 From patient just after induction of anesthesia 

2 rrom patient just prior to onset of perfusion 

3 From machine just prior to onset of perfusion 

4 From machine dunng- perfusion 

5 From machine Just prior to termination of perfusion 

6 From patient at completion of operation just after extubation of patient 
fS = plasma b = whole blood 
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perfusion are recorded for each of the cases in Table III. The average oxygen 
saturation of venous blood was 68 per cent, and complete arterialization was 
routinely accomplished by passage of the blood through the oxygenator. In 
two perfusions the hemoglobin of the arterial blood was completely saturated 
with oxygen, but excessive quantities of oxygen were not present in physical 
solution as demonstrated by satisfactory levels of oxygen tension (not in excess 
of 230 mm. Hg). Oxygen consumption during perfusion varied among the 
3 cases from 100 to 162 c.c. per minute per square meter of body surface. 


Table III. Oxygen Transport During Perfusion 


ASE 

FLOW 
(L./MIN. 
/SQ. M.) 

VENOUS BLOOD 

ARTERIAL blood 

Oj CONSUMP¬ 
TION (c.c./ 
MIN./SQ. M.) 

CONTENT 
(VOL. %) 



CONTENT 
(VOL. %) 

CAPACITY 
(VOL. %) 

SAT. 

(%) 

po- 

(MM. Hg) 

1 

2.1 

11.39 



15.58 

16.14 

97 



2 

2.4 


16.27 

64 

16.77 

16.27 


135 


3 

2.3 

11.49 

16.69 

69 


16.69 



mm, mi 


COMMENT 

With the flow rates utilized in the system of perfusion here studied, mean 
arterial pressure at the onset of perfusion was subnormal. A tendency to 
gradual increase in peripheral vascular resistance resulted in a similar tend¬ 
ency for gradual elevation of mean arterial pressure during perfusion, so that 
in 1 patient (Case 2) it was near normal at the end of the perfusion. In a 
previous study reported from this clinic, 12 during perfusions with lower rates 
of blood flow, similar changes in arterial pressure and resistance were noted. 
Dodrill and colleagues 13 noted the same phenomenon, and Mendelsohn and as¬ 
sociates 14 found subnormal mean arterial blood pressures during perfusion. 

It has been amply demonstrated in dogs 15 ' 18 that arterial blood pressure 
during perfusion is closely related to blood flow rates. On the basis of the 
arterial blood pressures maintained during the perfusions of the present study, 
the flow rates utilized (approximately 2.3 L. per square meter of body surface 
per minute) might be assumed to be less than the cardiac output of the anes¬ 
thetized patient prior to perfusion. However, data for comparison of peripheral 
resistance before and during perfusion in these patients are not available and 
it is therefore not possible to eliminate reduction of peripheral vascular resistance 
during perfusion as being etiologic in the lowering of arterial pressure. 

A steady rate of blood flow in this system of perfusion is dependent upon 
free and unobstructed venous return from the patient, as is accomplished by the 
use of the largest possible venous cannulas. This in turn has resulted in the 
nearly steady levels of venous pressure encountered during these perfusions. 
Venous cannular obstruction would result in sequestration of blood in the 
obstructed venous bed, with resultant unaccountable loss of circulating blood 
volume and increased venous pressures. 

The partial pressure of carbon dioxide during heart-lung bypass is largely 
controllable in most systems of perfusion through alteration in the rate of 
ventilation of the oxygenator and in the fractional concentration of carbon 
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dioxide in the gas passing through the oxygenator. In the perfusions being 
studied, the partial pressure of carbon dioxide in the arterialized blood was 
routinely maintained at levels that were lower than normal. This seems de¬ 
sirable, since the hypocapnia tends to prevent spontaneous respiratory motion 
by the patient, yet is probably not sufficiently severe to cause extensive reduc¬ 
tion of cerebral blood flow. 10 

The development of mild metabolic acidosis during general anesthesia is 
usual. 20 Further progression of metabolic acidosis should not occur during 
perfusion if adequate flow rates of fully oxygenated arterial blood are em¬ 
ployed. 21 The present studies indicate that this system of perfusion causes 
no significant increase in metabolic acidosis above that occurring during pre- 
perfusion anesthesia. 

Oxygen consumption before and after perfusion lias not been determined 
in clinical cases, and control values for comparison with oxygen-consumption 
data during perfusion are therefore not available. The average oxygen con¬ 
sumption of the anesthetized patients in this study during perfusion is some¬ 
what lower than that occurring under waking basal conditions, 22 but is com¬ 
parable to the oxygen-consumption values found during high flow perfusions 
under experimental conditions by several investigators. 15 ' 18 Available data may 
be interpreted as indicating that oxygen uptake of a subject on perfusion in¬ 
creases with increasing perfusion flow rates only to a certain point, beyond 
which it remains unchanged with further increases in flow. At this point, the 
rate of blood flow probably results in perfusion of the entire body, rather than 
limited parts of it. Further increases of flow beyond this point, while resulting 
in no increase in oxygen uptake, result in a smaller arteriovenous oxygen dif¬ 
ference. Oxygon uptake in these 3 cases averaged 134 c.c. per square meter 
per minute. In another study, 23 of a larger group of patients undergoing identi¬ 
cal perfusions at this clinic, oxygen uptake averaged 130 c.c. per square meter 
per minute. This is comparable to the data available on oxygen uptake in anes¬ 
thetized intact man. 20 From this it is concluded that the entire body is per¬ 
fused by the system of perfusion used for the patients in this study. Venous 
oxygen saturations were found to be slightly lower during these perfusions than 
in intact resting man, implying a slightly subnormal average oxygen tension 
in the tissues. 

The data gained from this study indicate that the body can be maintained 
in a nearly normal acid-base balance and hemodynamic state during interrup¬ 
tion of cardiac function as permitted by the technique of normothermie, high 
flow, whole body perfusion here employed. 

SUMMARY 

Three patients requiring open-heart operations for repair of uncomplicated 
congenital heart lesions were selected for detailed physiologic study during 
operation. A system of perfusion utilizing a Gibbon-Mayo pump-oxygenator 
and a steady rate of blood flow of approximately 2.3 liters per square meter 
of body surface per minute was employed. 
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Mean arterial blood pressure became subnormal at the start of perfusion 
but tended to return progressively toward normal as the result of an increasing 
peripheral vascular resistance. Venous pressure remained steady and at a 
satisfactory level. Large size of the venous and arterial cannulas permitted 
minimal pressure gradients across them. 

Metabolic acidosis of mild degree, compensated by respiratory alkalosis, 
occurred as a result of general anesthesia and manual hyperventilation, but 
perfusion caused no appreciable further metabolic acidosis. 

Oxygen consumption during perfusion was found to be within normal 
limits for anesthetized man, and the oxygen saturation of venous blood hemo¬ 
globin was only slightly subnormal. The blood was fully arterialized by passage 
through the oxygenator. 

The rate of blood flow employed during these perfusions is believed to be 
nearly as great as the rate of blood flow maintained by the functioning heart 
of the anesthetized patient. 
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RESPIRATORY CHARACTERISTICS OF EXTRACORPOREAL 
PUMP-OXYGENATORS 

Vernon Montgomery, M.D., Pb.D.,* Denver, Colo. 

T he published report of the symposium on Extracorporeal Circulation 1 
clearly shows that mechanical pump-oxygenating systems can be operated 
successfully in a variety of ways. Several specific examples of this general 
statement might be mentioned. Various mixtures of oxygen and carbon dioxide 
can be used as the oxygenating gas. Various gas flow rates can be used. The 
gas can be prewarmed or left cold before entering the oxygenator, and it can 
be saturated with water or left dry. As yet the barometric pressure of a given 
locality has not limited the use of the pump-oxvgenating systems. Finally, 
patients with widely varying metabolic rates can be perfused. 

The variety of operating methods in current use is so great that the un¬ 
wary might conclude that the variables mentioned above are unimportant. He 
might even be led to choose one operating feature from successful center A, 
another operating feature from successful center B, etc. No doubt, he would 
be surprised to view his own catastrophic results when he had chosen the best 
features of each of the best cardiac centers. The above is probably a ludicrous 
example, but it should serve to emphasize the point that extracorporeal pump- 
oxygenating machines are complex multifactorial systems that are finitely in¬ 
fluenced by each of the factors alluded to in the previous paragraph. A change 
in any one of these factors changes the partial pressures of oxygen and carbon 
dioxide in the gas phase of the oxygenator and, hence, of the blood. 

The purpose of the present paper is to interrelate in quantitative terms 
the factors which define the respiratory characteristics of the artificial heart- 
lung apparatus when connected to a metabolizing organism. This will be done 
in an abstract or theoretical form. The first problem encountered, in writing 
such a paper, is choice of tools to be used for the presentation. Words are 
poorly suited to the function of communicating abstract, quantitative ideas. 
Equations often bring about such a condensation of thought that functional 
interrelations are lost. Graphic analysis or nomography is a tool that is es¬ 
pecially suited to this type of analysis and is the method used in the present 
paper. Henderson 4 was the first to apply this method to biologic systems. 

From the Halsted Laboratory of Experimental Surgery, University of Colorado School 
of Medicine, Denver, Colo. 
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Received for publication Sept. 22, 1959. 
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Kalin and Fenn 6 haac used the method mote lccentlj to analizc the complex 
lties of aviation phjsiologj The present papei utilizes main of the tapes oi 
giaplis developed bj Kahn and Fenn It the leadei desnes a ngoions do 
\elopment ot the giaphs used licie, he is lefuied to then compiehcnsuc mono 
giapli 

The present analjsis is diiided into Hie sections so that the leadei can 
focus his attention moie sliaiplj on specific goals The fiist section is a glossary 
of the symbols used These sjmbols ma\ at fitst appeal eumbeisome, but they 
confoim to the standaid sjmbols outlined m the sjmposium for the “Stand 
aidization of Definitions and Sjmbols in Kespuatou Plnsiologj The sec 
ond section defines those factois Jihieh deteimine the paitial piessuies of oxj 
gen and caibon dioxide m the gas phase of the oxjgcnator The thud section 
defines those factors which deternune the paitial piessuies oi tensions of oxjgen 
and caibon dioxide in the blood that is leasing the oxygenatoi The fouilh 
section develops the thesis that the pioper peifusion late is deteinnned by the 
aerobic metabolism of the oiganism being peifuscd and, as a consequence of 
this, the factois which deteimine the lcnous blood oxjgen tension aie defined 
Finally, these aanous factois are simplified as shown in Fig 1G, to point out 
one possible combination of monitoung deuces which can be used to peifoim 
an adequate peifusion This is the si stem cmicntlj m use at the Unueisity 
of Colorado Medical Center, which is a product of the anahsis m the piesent 
papei In essence, Tig 16 shows that the artenal tension of CO- can be ade 
quateh followed bt the continuous monitoung of artenal pIT, and can be con 
tiollcd b\ van mg eitlici the conccnteiation of CO- oi the late of flow of gas 
thiougli the oxjgenatoi The aitenal 0- tension can also be followed polaio 
graphicallj and can be controlled In jaramg the ratio of oxjgen consumption 
of the patient to the blood flow into I hope that the abo\e bioad outline of 
the oiganization and goals of this papei will help the leader maintain pel 
spective as he is led through the moie tedious portions 

i oLossAm or symbols 

Po,—Partial piessuie oi tension ot oxjgen (mm Hg) without icfeience to 
phase 

Pao- and Pv 0 —tension ot oxjgen m aitonal and mixed iciious blood, re 
spcctivelj 

Pio Pc 0 -, Peo 2 —tension of oxjgen in influent, oxjgenating clnmbei, and 
effluent gases, lespectnelj, le, the gas entering the oxjgenatoi and 
the gas leasing the oxjgenatoi 
To.—the fraction that oxj gen is of the total gas mixture , 

Co —the content of oxjgen m blood (joIs %) 

Do—late of diffusion of oxj gen 

CO. oi II-O—maj be substituted foi 0. in anj of the alioie sj-mbols without 
changing am meaning other than the icfeience gas 
Vo- and A co—rates of oxjgen consumption and caibon dioxide pioduction, 
lespectnelj 

Vo—late of total gas flow thiougli the oxjgenatoi 
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Qb—C ardiac output, or pump flow rale. 

Pb— barometric pressure. 

Soo—percentage saturation ot' hemoglobin with oxygen. 

R—the ratio at which C0 2 exchanges with 0 2 . 

Rb —the blood respiratory exchange ratio. 

R.Q.—the ratio of carbon dioxide production to oxygen consumption—the re¬ 
spiratory quotient. 

Sol.— solubility. 

M.W.—molecular weight. 

Ds—disc speed or revolutions per minute. 



II. FACTORS CONTROLLING PARTIAL PRESSURES OF OXYGEN AND CARBON DIOXIDE 
IN THE GAS PHASE OF AN ARTIFICIAL OXYGENATOR 

Most oxygenators operate with the gas phase at barometric pressure. In 
addition, most oxygenators handle only three gases: 0 2 , C0 2 , and water vapor. 
Let us consider the consequences of these conditions. Dalton’s Law states that 
the sum of the partial pressures of a mixture of gases is equal to the total 

pressure of the mixture. Since the total pressure is equal to the barometric 

pressure, we can write the following equation: 

Pb = Poo + Pco 2 + Pii 2 o (1) 

Now let us turn to Fig. 1 to begin the graphic development. The ordinate 
is the partial pressure of C0 2 in mm. ITg. The abscissa is the partial pressure 
of 0 2 in mm. Pig. The possible extremes that could exist, in the system de¬ 
scribed, can be represented by a point on the Po 2 axis at 760 mm. Ilg and by a 
point on the Pco 2 axis at 760 mm. Ilg. The first point would represent dry 
100 per cent oxygen at sea level. The second point would represent dry 100 

per cent carbon dioxide at sea level. A straight line drawn between these two 

points completes a triangle which encloses all possible combinations of Po 2 
and Pco 2 that can exist at a barometric pressure of 760. Denver, Colorado, 
is at an altitude of 5,280 feet and has an average Pb of approximately 630 mm. 
Ilg. The consequences of this fact are shown on Fig. 1 as the Denver line. 
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If we fuitliei limit tlie conditions undei which the oxjgenator opeiates, 
a inoie precise definition ot Po. and Pco. can he achieved, since at 37° C , water 
vapor pressure is 47 mg If the oxjgenating gas is satinated with water at 
37° C , befoie entering the chambci, we can saj, 

Pin.o = Pc,,„o = Peii-o = 47 mm Hg (2) 

Substituting this into equation (1) and leairanging we have 

Pn - 47 = Po 2 + Pco. (3) 

oi, foi Denver 

583 = Po, + Pco, (4) 

Tins equation is expiessed giaphiealty in Fig 2 AVe begin with the Denver 
Pb line, subtract 47 fiom each of the cooidinate points, and torn them by a 
line This liue, K, is the lcspiratoiy exchange latio line If one substitutes 



any value between zcio and 583, foi Po, m (4), he can solve for Pco* If such 
points aie plotted on Fig 2, it will be found that all points lie on the E line 
Theiefoie, the E line expresses all possible combinations of Po- and Pco 2 that 
can exist m the gas phase opeiatmg undei the conditions specified (5,280 feet, 
vvatei satruated, at 37° C ) If the opeiatmg temperature rs less than 37° C, 
the E line must be changed to correspond to the new P n .o value 

The next subicct we shall consider is the factors that define the positions 
oL the Pi, Pc, and Pe points on the E line The determination of the Pi point 
is the simplest and shall be considered first 

Currentlv, most peifusiomsts use as an oxjgenating gas citlici pure oxvgen 
or a inixtuio of oxrgeu and eaibon dioxide Thus, the minimum ol caibon 
dioxide used is zoio, and an average is about 3 pei cent The maximum, to oru 
knowledge, is 6 pei tent These combinations in the influent gas mixture can 
bt plotted on the E line of the Po- - Pco. diagiam as shown in Fig 3 These 
points repicscnt, in ascending oidci, /eio, 3, and G pci cent caibon dioxide 
Then positions on the graph are determined soleli In the fractional concentra¬ 
tions of the influent oxvgen and carbon dioxide 
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Now lei us consider the definition of the Pc and Pe points. In the lungs, 
the magnitude of the difference between the alveolar point and the expired 
point on the R line is a direct function of the dead space. In the disc oxy¬ 
genator the Pc point is analogous to the alveolar point in the lungs, and the Pe 
point is analogous to the expired point. The oxygenator has no dead space 
analogous to that in the lungs, so that, in the oxygenator Pc = Pe. 

Now we can proceed to analyze the two factors which define the difference 
between the Pi and Pc points on the R line. Fig. 4 is a Po 2 - Pco 2 diagram 
with an expanded scale so that the influence of these two factors can he more 



_adily appreciated. The reader will note that the Pi point is that of an oxy¬ 
genator using pure oxygen. When this is true, the Pc point is completely in¬ 
dependent of oxygen consumption, because removal of oxygen by the blood 
merely reduces the rate of flow of oxygen at the effluent end. However, as C0 2 
escapes from the blood phase to the gas phase of the chamber, Pcco 2 increases 
and from (4) Pco, decreases. Or, from Fig. 4, the Pc point moves up the R 
line as a function of the rate of addition of C0 2 which, in a steady state, is 
the rate of C0 2 production by the organism being perfused. This ascent along 
the R line can lie reversed by increasing the rate of total gas flow through the 
oxygenator. In essence, then, the difference between the Pi point and the Pc 
point is determined solely by the ratio of the total gas flow through the 
chamber to the C0 2 production, Vc/V'co 2 . Note that the right ordinate of the 
graph is expressed in these ratio units. For example, if an individual is pro¬ 
ducing 125 c.c. of C0 2 per minute, and there is an oxygen flow through the 
oxygenator of 5 L. per minute, he has a Yc/Vco™ of 0.04. His position on the 
R line is represented as point C on Fig. 4. This would yield a Pcco 2 of 22 and 
Pcoo of 561. If the gas flow remained constant and the C0 2 production in¬ 
creased to 250 c.c. per minute, the Vc/Vco 2 would decrease to 0.02 and the 
Pc c0 2 would rise to 44. Having achieved this point the Pc C o 2 could be returned 
to the original point, C, by increasing the gas flow to 10 L. per minute, thus 
restoring the ratio to 0.04. 




Vol 39, No. 3 
March, I960 


EXTRACORPOREAL PCMP-OXYGENATORS 


293 


Pig. 5 is like the preceding diagram except in this case the influent gas 
contains 3 per cent C0 2 . Note that having CO. in the oxygenating gas mixture 
shifts the Vc/Vco.. lines up so that the infinity ratio coincides on the Y axis 
with the Pi point. Functionally, this means that for a given rate of CO. pro¬ 
duction, a higher rate of gas flow must be maintained to hold the chamber gas 
concentrations at a Pcco. of 22 and a Pco. of 561. 

Now let us briefly retrace our steps before proceeding to the next section. 
We have shown that the R line is dependent upon the baiometric pressure, 
saturation of the gas with water, and the temperature at which saturation is 
achieved. The R line, thus derived, describes all possible combinations of Po- 



and Pco. that can exist m the gas phase of an oxygenator which contains only 
0», CO., and 11.0 in the oxygenating mixture. The difference between the Pi 
and Pc points on the R line is determined by the ratio of the rate of gas flow 
through the oxygenator to the rate of the C0 2 production, and since in the disc 
oxygenator there is no dead space, Pc = Pe. 

III. FACTORS DETERMINING THE Po. AND PCO, OF THE ARTERIAL BLOOD 

If the oxygenating system is efficient enough to establish equilibrium be¬ 
tween the gas phase and the blood phase, as is essentially the case in human 
lungs, the arterial tensions of 0, and CO. will be identical with those of the 
chamber gas To the extent that the oxygenator is not 100 per cent efficient, the 
arterial point will differ from point C on the Po : = Pco. diagram. This dif¬ 
ference, however, will conform to a definite ratio of Pco : to Po.. 

Co in roe 2 states that tlie ratio of the diffusion of CO. to 0. is defined by: 

DQj _ Soi.-p, / M.AV.cq. 

Deo. Sol co, ’ M.W.o,. 

At 37° C., tho gas pliase-blood phase gradient will be approximate!;' 20 times 
as great for 0. as for CO,. Pig. 6 expresses this relationship graphically. On 
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this graph we have returned to the original scale on the Po 2 - Pco 2 diagram. If, 
by means described in a previous section, the chamber tensions of the gases in 
the gas phase are held so that Pc C o 2 is 17 mm. Ilg, the middle Pc point on the 
graph, one can draw a line from that point toward the Pco 2 axis with a slope of 
-1/20. This line describes all possible arterial blood tensions of 0 2 and C0 2 
that could exist with this Pc point. Three such lines are indicated on the 
graph. Note that the lines are parallel and that their intercept with the R 
line is determined by the Pc. These lines are called 0 2 - C0 2 diffusion'ratio 
lines (Do z /Dco 2 ). It should be emphasized that the diffusion ratio lines have 
a slope of -3/20 only at 37° C., since a change of temperature does not affect 
the solubilities of the two gases proportionately. If the operating temperature 
is less than 37° the slope becomes smaller—at 15° C. it is approximately -1/25. 



Now we must take up the question of the factors that define the position of 
the Pa point on its diffusion ratio line. Earlier it was stated that if any oxy¬ 
genator is completely efficient, that is, if there is complete equilibration be¬ 
tween the gas phase and the blood phase, the chamber gas point will be identical 
with the arterial blood point. If this argument is carried further, we can define 
the position of the ai*terial blood point in terms of the efficiency of the oxy¬ 
genator. The efficiency of oxygenators can be defined in many ways. For 
present purposes, let us make the arbitrary definition that the equilibrating 
efficiency of an oxygenator is the fraction that Pa 0 „ is of Pc 02 . For example, 
if the Pco 2 is 560 mm. Hg, and the Pao, is 100 mm. Ilg, the equilibrating 
efficiency of the oxygenator at that time is 100 divided by 560 or 0.179. Fig. 
7 graphically expresses the equilibrating efficiency lines as radiating from the 
intercept of the R line on the Pco 2 axis. The reader will note that the frac¬ 
tional efficiency of 1.0 coincides with the R line. The diffusion ratio lines are 
given for Fccoo of 0.00, 0.03, and 0.06. The intercept of the diffusion ratio 
lines with the efficiency lines defines the tensions of C0 2 and 0 2 of the arterial 
blood. 
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Tlie cquilibiatmg efficiencies of oxygenatois vary fiom type to type In 
deed, the cquilibiatmg efficiency of a given oxygenatoi may vary from mo 
ment to moment depending on tlie conditions of tlie peifusion In simplest 
teims, hovelei, the cquilibiatmg efficienei oi am oxygenating system is a 
function of the tune duiing which a gnen smf.ice aie.i of blood is exposed to 
the ehambei gas Thus, toi all tipes of oxygenatois the cqiulibiatmg efficiency 
is a partial function of the time icquncd foi the blood to flow tluough the oxy 
genating system Obviously, if blood is Honing tluough an ovigenator ven 
slowly a higher efficiency mil be achieved Othei factois aic peculiar to the 
tyqie of oxygenator being used Foi example, the cquilibiatmg efficiency of 
the lotatmg disc oxygenatoi is varied by the size, shape, and numbei of discs 
as well as by the iciolutions pei minute of the discs and the tmnovei late of 
the blood in the oxvgenatoi Duiing am gnen peifusion, hoivevei, the eqiu 
libiatmg efficiency is determined pnmanli by the latio of disc speed to blood 
■flow rate assuming the Pvo. is hept constant As the disc speed mci eases, the 



eqiulibiatmg efficiency mcieases, as the blood flow late incieases, the equilibrat¬ 
ing efficiency decieases The consequences of these relations mil be mentioned 
aftci a description of the next giapli 

To combine tlie gnplis i elating the conti ol of Pc and the contiol of Pa, 
yvo need to change tlie Pco. scale slightly as m Pig S The Po 2 axis is the same 
as that sliomi pieuonsly The Pco. axis has been expanded so that its nanouei 
biologically peimissible limits can be obsened moie closely Changing tins axis 
makes tlie It line and the efficienei lines appeal moie vertical, tlieir geometric 
slopes, liouevei, arc the same as shown on the previous giapli The same state 

ments apph to the — lines The light band oidmate Ins a Vc/Vco. scale 
Deo 

appiopmtcly ndmstcd to the Pco. axis The Pi point indicates that 100 per 
cent 0. is the influent gas The small lectangle in the left poition of Tig 8 
is the aiei of noimal values This aicn encompasses the range of values which 
oectn m lioimil hum ms, as leported in the Handbook of Biological Data > 
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Horizontal projections, from this rectangle, to the It line encloses an area which, 
for the sake of discussion, shall be referred to as the permissible area. The 
permissible area includes values of Pa 0; and Paco., which can conservatively he 
stated to be safe for several hours. 

The relationships defined by the graph of Fig. 8 reveal a number of in¬ 
teresting points. In order to maintain normal arterial tensions of the respira¬ 
tory gases, the oxygenator must have a low equilibrating efficiency—between 
approximately 0.15 and 0.19. The 0 2 to C0 2 diffusion ratio lines, which pass 
through the normal area, intercept the R line between 14 and 24 Pcco 2 - 
This means that the C0 2 tensions in the effluent gas must be maintained be¬ 
tween 14 and 24 mm. Hg, and the equilibrating efficiency must be kept be¬ 
tween 0.15 and 0.19 if the arterial respiratory gas tensions are to be maintained 
in the normal area. These Pe C o„ values correspond to 2.5 and 4.1 per cent C0 2 
when the oxygenator is operated under the conditions assumed. The graph 
also shows that to maintain this Pe C o, or Pc C o 2 the ratio of the rate of gas flow 
to the rate of C0 2 production must be maintained between 0.06 and 0.086 if 
the oxygenating gas is 100 per cent 0 2 . 

Another interesting point that the graph reveals might be worth mention¬ 
ing. A change in efficiency results in a much larger change in the Pao 2 than in 
the Pa C o 2 . Conversely, a change in Pc C o 2 has a greater effect on the Pa C o 2 
than on the Pa 0j . These facts enable the perfusionist to dissociate control of 
Pao 2 and Paco 2 to a large extent. In the disc oxygenator, the efficiency, and, 
1 therefore, the Pa 0 . 2 can be controlled by the perfusionist’s control of the disc 
speed—pump rate ratio. In the bubble oxygenator, the same can be accom¬ 
plished by a variation in bubble size—the larger the bubbles the smaller the 
oxygenating efficiency. The Pc C o 2 and, therefore, the Pa C o 2 can be controlled 
by the perfusionist’s alteration of the ratio of the rate of gas flow to the rate 
of C0 2 production, or by a change in the per cent of C0 2 in the influent gas. 
Either type of control can be used by the perfusionist. However, it is probably 
simpler to vary the rate of flow of oxygen, since this avoids the necessity of 
having two tanks of oxygenating gas with different fractions of C0 2 , and of 
having mixing gauges which are accurate. 


IV. FACTORS DETERMINING THE Po 2 AND PC0 2 OF THE VENOUS BLOOD 


Now we must consider the interrelations of those factors which define 
the difference between the tensions of the respiratory gases in the arterial blood 
and in the venous blood, i.e., the difference between the Pa point and the Pv 
points on the Po 2 - Pco 2 diagram. Instead of going directly to the Po 2 - Pco 2 
diagram, however, we shall take a few intermediate steps of gentler intellectual 
grade. We shall first describe how a living organism solves this problem, and 
then we shall see how the artificial pump-oxygenator can be operated to mimic 
this solution. 

One of the simplest approaches is via the Fick equation which states: 


Vo 2 = 


Qb (Cao 2 - C”o 2 ) 


( 6 ) 


100 
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or that the total oxygen consumption of the hody is equal to the cardiac output 
times the arterial-venous oxygen difference. This relationship can he graph¬ 
ically expressed as shown in Pig. 9. The ordinate of this graph is the rate of 
oxygen consumption, and the abscissa is the cardiac output. The lines radiating 
from the origin are the arterial-venous oxygen differences. Therefore, the slope 
of the relationship between the oxygen consumption and cardiac output is 
defined by the arterial-venous oxygen difference. The dots represent data ob¬ 
tained from a series of normal humans studied at this institution. 7 Prom this 
graph, one would conclude that variations in oxygen consumption amongst in¬ 
dividuals are met by variations in cardiac output sufficient to maintain a nor¬ 
mal Ca 0 „ - Cv 0 ,. It would seem, therefore, that one of the ideals of perfusion 
would be to deliver the rate of blood flow which meets the oxygen consumption 




demands and maintains an arterial-venous oxygen difference between 5.5 and 
3.5 vol. per cent. However, it would seem reasonable that circumstances could 
occur in which this ideal is achieved and yet have the organism in severe diffi¬ 
culty by not taking proper account of Co, transport. In order to include a 
consideration of C0 2 , let us make another approach by means of the Co 2 - 
Cco 2 diagram. Such a diagram can relate the contents of 0 2 and C0 2 in the 
blood through the following equation, 


and in a steady state: 


Rn 


C v'co. — Caco 2 

Ca 0: . — Cvd. 


(7) 


Rn = R.Q. (8) 

The ordinate of Pig. 10 is the Cco 2 and the abscissa is the Co 2 . 

The units for each coordinate are volumes per cent. If an individual has 
Caco 2 of 20 and Cao 2 of 46, this can be graphed as point o on Fig. 10. The 
lines radiating from a are the Ru lines or the blood respiratory exchange ratio 
lines. When the individual is in a steady state, Rb is equal to R.Q., and the 
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R.Q., then, defines the Rb line on which the v point must lie. The hypothetical 
points plotted are for an individual with Ca 0 „ of 20, Ca C o 2 of 46, Cvb 2 of 16, 
CYb 2 of 49, and R.Q. of 0.85. 

One problem with this diagram is its failure to relate the factors which 
define where the v point will fall on its Rb line. A slight addition to the graph, 
however, allows this to be done. The Ca 0 o - Cv c02 can be estimated from Fig. 
10 by simply determining the differences between the a point and v point on 
the graph. Then let us rearrange (6) to, 


Voo 


Ca 0 .> — Cv 0 . 


Qb 100 

and by the same reasoning we get, 

Vcc >2 Cvcoo ~ Oa C o 2 
Qb 100 

Equations (9) and (10) can bo added to (7) and (8) to obtain, 

Y'co,. 


R.Q. - Rb 


b \'co.> — Cac 


io 2 


Caoo — C\’o„ 


Qb 

ToT 

Qb 


(9) 

( 10 ) 


( 11 ) 


Vo 2 



These relations can be added to Fig. 10 to obtain Fig. 11. The right ordinate 

and upper abscissa are the - anc | f] ie , respectively. This graph shows 

Qb Qb . 

that the difference between the a point and the v point on the Rb line is de¬ 
termined by the ratio of the rate of 0 2 consumption to the cardiac output or 
the ratio of the rate of C0 2 production to the cardiac output. We see again that 
the body adjusts the cardiac output to the metabolic needs of the individual. 
The same feat could be accomplished by the pump-oxygenator if the contents of 
the respiratory gases m Mood could be continuously monitored. This would 
alloiv the perfusionist'to adjust the rate of blood flora to the metabolic needs of 
the patient without knowing either. Unfortunately, however, such instrumenta¬ 
tion is not presently available; therefore, another solution must be sought. 
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Cuncntlj, pH, Pn 0 . and PTa„ can lie momtoicd Is it possible to derive 
a giapli in these tenns which would guide the pcifusionist m achieving this 
adjustment oi blood flow to metabolic needs? The next sorcial giaphs aie steps 
m tl is demotion 

The relationships cxpiessed in Fig 11 on the Co — Cco diaginm can also 
be expressed on the Vo- - Pco diagram The form. is not as convenient, be 
cause the dissociation of oxv hemoglobin is not lineal Let ns leeall the familial 
oxjhemoglobin dissociation cmic to mind and see how it can he cxpiessed in a 
foim that is moic useful foi piesent pin poses Fig 12 shows the lelationships 
amongst Po , Pco-, and Co- in human blood at 37° C It is of impoitance to 
mention, at this point, the known and unknown effects of hjpotheinua on these 
crimes It is well established that cold shifts the dissociation crime, of a gnen 
Poo-, to the loft It is not cleai fiom the litcratuie what the Pco- has to be 
increased to m oidei to shift the crime back to the light This important gioup 
of facts is not picscnth mailable to those wlio combine hypotheimm and extra 
corpoieal cuculation Tins is the subject of a cuiicnt investigation m this 
laboratory Now let us piojeet a line hoiuontally from the Co 2 axis at 15 vols 
pei cent The piojeetcd line is a line of constant Co 2 Note that it ciosses each 
of the dissociation crimes These points can he plotted as tensions on the 



He 1” 

Po- - Pco- diagiam and the points joined by a smooth cm re, the constant 
oxygen content crime Such dissociation cumes aie shown on the Po - Pco. 
diagiam of Tig 13 foi a Co of C, 10, 14, 15, and otliei values The volumes 
pei cent ot each line is cxpiessed at the top of the line Now if an} two of the 
three lelationships mentioned ahorc aie known, a point lepicsentmg Pa can 
he plotted which simultaneous!} shows the magnitude of Pa 0 . Paco : , and 
Ca 0 Let “a” he the nitcml point ot a hjpotlieticnl individual Ton will 
iccall fiom Pig H that the venous point is partially defined undei these con 
ditions bv the latio of the oxvgen consumption of the individual to his cardiac 
orrput You will recall frnthci that this latio is equal to the AY oxvgen 

Vo. 

difference (Ca 0 „ - CTo.) The - is indicated on Fig 13 below the lines 

Ql! 

of equal oxygen content, whatever line “a” falls on will have infinity as the 
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value of this ratio. If the Ca 0 . - Cv 0 „ of the individual is in the normal range 

(3.5-5.5 vols, per cent) the must be between 0.0355 and 0.055 as seen in 

Qb 

Fig. 9, and the venous point must lie somewhere between these lines. Where 
the venous point will lie with respect to the Pco 2 axis can be predicted from 
a knowledge of the Cco 2 of the blood. 



Fig-. 13. 



Fig. 14. 

Let us relate the CO, content of the blood to the Po, - Pco, diagram. This 
can be done, for blood with an oxygen capacity of 20 volumes per cent, by 
utilizing the quantitative relations of the Bohr effect as contained in the nomo¬ 
gram of Dill and his associates. 3 Fig. 14 is similar to Fig. 13 with certain ad¬ 
ditions. The lines coming up from the lower left-hand corner and extending 
horizontally almost parallel to the Po, axis are lines of equal CO, content of 
blood. With this addition it is now possible to draw in the Rb lines as was done 
on Fig. 11. The curved lines radiating from a ai’e the Rb lines ranging from 
1.0 to 0.7. It will be recalled that in a steady state the Rb lines are equal to the 
R.Q. of the individual. 
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The venous point described on the graph of Fig. 14 is therefore that in an 
individual with an R.Q. of 0.8 and a normal A-V oxygen difference of 4 vols. 
per cent. This individual then would have a Cco- of 51.5 Vols. per cent, Pvco 2 
of 44, and a Fv 0= of 44. 

One interesting fact revealed by this graph is that if the arterial point is 
controlled along the Pco- and the Po. axes, the venous point would have to bo 
controlled only along the Pco 2 axis, since large changes in R.Q. cause only small 
changes in PTco- The control of the venous point along the Pco 2 axis is de¬ 
pendent on the ratio between the rate with which oxygon of the blood is being 
removed by the tissues to the C0 2 being added to the blood from the tissues 
or the Rn. As mentioned earlier, however, at the present time we lack in¬ 
strumentation to define adequately the arterial point along the Pco 2 axis. And, 
another difficulty with this form of graph is that CO- content, which allows 
one to depict the Rb lines, is referable only to an individual with the specific 
oxygen capacity of the blood of 20 vols. per cent. 



Fie 15. 


The relations depicted in Fig. 14 can be generalized and made more useful 
for the adaptation of the artificial pump-oxygenator by changing the lines of 
equal oxygen content to lines of constant oxyliemaglobin saturation. In addi¬ 
tion, the lines of constant carbon dioxide content can be changed to become 
lines of constant blood pH. These relations are illustrated in Fig. 15 and allow 
us to fix tile arterial point on the X axis by monitoring either the Po 2 or the 
per cent saturation of blood. The arterial point can be fixed with reference 
to the Y axis by continuous monitoring of the Pco 2 or the pH. The venous 
point can he fixed on the X axis by monitoring either the Po- or per cent satu¬ 
ration of the venous blood; and as we saw in the previous graph, it is unneces¬ 
sary to fix the venous point on the Y axis. However, if such information were 
desired, tliis point could bo fixed hv monitoring either the venous pH or the 
venous Po 2 . Since instrumentation is currently under development for each 
of the four parameters related on Fig. 15, tliis graph becomes a most useful 
one in describing a physiologic perfusion. The choice of the two parameters 
to be monitored is left to the experience of the perfusionist. 
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An interesting point might be made in reference to the accuracy with 
which one must measure these parameters in order to perform as well as the 
body. The rectangles enclosed by dotted lines describe the normal values for 
Pco 2 and Po 2 that are listed in the Handbook of Biological Data* The range 
of normal Pao„ is from 80 to 104 mm. Ilg. if one recalls that the permissible 
range of Pao„ includes much higher tensions, it becomes apparent that if one 
chooses to monitor the Pao„ and maintain it at 100, he needs only to measure 
this parameter with an accuracy of plus or minus 20 per cent in order to main¬ 
tain this value within acceptable limits. If one chooses to monitor the arterial 
point on the X axis by means of per cent saturation, it is apparent that no such 
gross instrumental error can be allowed. Similarly, the normal range of Paco 2 
is from 45 to 47. Therefore, if one choses to fix the arterial point with respect 
to the Y axis by monitoring the Pa C o... instnnnentation that was accurate within 
plus or minus 15 per cent would do as well as the body. If he chooses to fix 
this point by monitoring pH, instrumentation that will have an accuracy of 
plus or minus 0.05 pH units is required. The normal range of P“o., is 30 to 48 
mm. Ilg. Again, if one chooses to monitor this point by means of Po 2 measure¬ 
ments, the accuracy required is not great—plus or minus 20 per cent will keep 
the venous point well within these limits. If one is using the venous saturation, 
more latitude is allowed for error here than in the arterial point. Finally, there 
is no need to fix the venous point with reference to the Y axis as was indicated 
'by the relations drawn in the previous diagram. 

* V. ONE POSSIBLE ADAPTATION OP THESE STUDIES WHICH ADEQUATELY CONTROLS 
WHOLE BODY PERFUSION 

Fig. 16 includes the key points of the previous graphs expressed in physi¬ 
ologic terms which would theoretically allow one to monitor adequately and 
control the arterial and venous points and to make appropriate adjustment to 
their change. Fig. 17 is the same graph expressed in terms of functions of 
the pump-oxygenator. The arterial point lies on the straight dotted line which 
is the 0 2 - C0 2 diffusion ratio line. This line and, therefore, point a on the 
line moves in the upward direction with an increase in C0 2 production by the 
patient being perfused. The upward movement of a is impeded by an increase 
in the rate of flow of gas through the oxygenator. The slope of the line along 
which a moves up and down is that of an equilibrating efficiency of 0.18. More¬ 
over, a can move along the 0 2 - C0 2 diffusion ratio line by a variation in the 
efficiency. This efficiency during a perfusion with the disc oxygenator would 
allow a to be moved to the right by an increase in disc speed and it would 
move to the left when there was an increase in the rate of perfusion of the pa¬ 
tient. If the device for measuring the Pa 0 „ has an accuracy of ±20 per cent, the 
perfusionist can adjust the disc speed of the oxygenator so that the apparent 
Pa 0 „ is 100 mm. Hg and know that the true Pa 0 .. lies within the permissible 
range. The perfusionist' would not vary the rate of blood flow by the pump 
in order to change the a point. As shall be seen later, the perfusionist is com¬ 
mitted to deliver a rate of blood flow to the patient that maintains a normal 
P”o 2 . If the perfusionist has a device that will continuously measure arterial 
blood pH to within +0.05 pH units, he can vary the rate of flow of oxygen 
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through the oxygenator so that the apparent arterial pH is 7.40 and be as¬ 
sured that the arterial pH and Pco. are within the normal limits. "With the 
arterial point fixed in this manner, the perfusionist knows that the venous 
point lies somewhere along the Ed line that the patient is on at that particular 
time. The Bb line indicated on Fig. 16 is that of 0.8, a reasonable fasting value. 



The perfusionist need only fix the venous point with respect to the oxygen ten¬ 
sion. If the device with which the perfusionist is monitoring the Pvo. is ac¬ 
curate within ±20 per cent, the pump flow rate can be adjusted so that the ap¬ 
parent Pv" 0j is 40 mm. Ilg and the true Pv 0 , will lie well within the normal 
range for this parameter. If the oxygen consumption of the patient is higher 
than anticipated the venous point will move to the left along the Kb line. To 
compensate for this effect the perfusionist must increase the blood flow rate 
from the pump. Conversely, if the perfusion rate is too high the venous point 
will move to the right along the Kn line, and the rate of perfusion should be de¬ 
creased. 

To illustrate more fully how this system is linked together it might be of 
value to relate what might happen in a hypothetical case. Let us assume that 
we have estimated the oxygon consumption of the individual to be perfused, 
from some body weight-height nomogram. From this information and Fig. 9 
one can estimate the rate of blood flow that might be required for this patient. 
If hypothermia is used, a lower value would obtain. From this data one could 
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also, by assuming an R.Q. of 0.8, estimate the rate of C0 2 production that such 
an individual might have. From this estimated rate of C0 2 production and 
knowledge that a gas flow rate to C0 2 production rate ratio of 0.05 is desirable, 
one could calculate what rate of flow of gas might be required for this patient 
in order to maintain a normal arterial pIL From empirical data relating the 
rate of blood flow to disc speed that is appropriate to give an oxygenating ef¬ 
ficiency of 0.18, the perfusionist would then have an estimate of the disc speed 
that, might be required by this patient. Let us assume that the perfusionist 
begins to perfuse the patient with these first estimates, and he finds that the 
Pv 0 „ is 30 mm. Tig. This means that he has underestimated the rate of oxygen 
consumption of the individual and he must increase the rate of blood flow to 
the patient. As he increases the rate of blood flow to the patient to bring 
the venous point to a higher Po 2 level, this causes the arterial point to move 
to the left. The Pa 0 „ will decrease because the equilibrating efficiency will have 
decreased by the increase in blood flow to the patient. This fact then demands 
that the perfusionist increase the disc speed so that the apparent Pao 2 is 100 
mm. Hg. Since the initial estimate of the rate of oxygen consumption of the 
patient was low, it is probable that the estimate of the rate of C0 2 production 
was also low. If this is true, then the arterial point would initially move up 
on the graph as it moved to the left. The perfusionist then would increase the 
rate of oxygen flow through the oxygenator to return the pH to 7.40. 



SUMMARY 

The cardiorespiratory characteristics of artificial pump-oxygenating sys¬ 
tems have been theoretically analyzed by the use of graphical analysis. To make 
this analysis as simple as possible, several simplifying assumptions were made. 
This analysis described several combinations of monitoring systems that might 
be used to give the patient an adequate perfusion without exact knowledge of 
either the rate of oxygen consumption of the patient or of the perfusion rate. 
One of these possible systems was described in some detail for use with a ro¬ 
tating disc oxygenator. This system is in current use at the University of. 
Coloi'ado Medical Center. How close real pci’fxxsions come to the ideals de- 
sci’ibed in the present paper will be the subject of a future report. 
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PULMONARY VENTILATION IN HYPOTHERMIA 

Emil Blair, Major, MC, USA,* and James Fellows, 

Private First Class, Denver, Colo. 

A s compared with investigation o£ cardiovascular changes during hypothermia, 

. relatively little work has been done on the ventilatory system. Breathing 
is generally described in terms of two components: (1) ventilation and (2) 
respiration. 1 Ventilation constitutes the mass movement of air in and out of the 
lungs and the distribution of air within the alveoli. This activity is achieved 
through the mechanical parts of the breathing apparatus, measurements of 
which include lung volumes, maximum breathing capacity, minute ventilation, 
and intrapulmonary gas distribution. Respiration is the physicochemical phase 
which involves the transport of gases by the blood and their exchange across 
the alveolocapillary membrane. To the latter, a fundamental component is the 
pulmonary capillary blood flow. 

Studies on respiration changes in liypothennia have demonstrated a respira¬ 
tory acidosis. 2 ’ 5> 2 Diffusion of gases across the alveolocapillary membrane is 
apparently not adversely affected. 0 Oxygen consumption decreases linearly with 
falling temperature. 8 Severinghaus and Stupfel 7 found that the compliance was 
somewhat decreased and the dead space increased. Death from hypothermia is 
generally attributed to respiratory failure followed by circulatory failure. 5 

The retention of CO 2 , as evidenced by the respiratoiy acidosis in hypo¬ 
thermia, may be due to deficient ventilation. The present stud}' is an evaluation 
of the effect of hypothermia upon some aspects of the mechanical component of 
ventilation as assessed by minute ventilation, helium excretion as an index of 
intrapulmonary gas distribution, and the functional residual capacity (PRC). 

METHOD AND MATERIAL 

Study was carried out on dogs under chloralose anesthesia and with un¬ 
assisted ventilation. Despite the fact that, in heavy doses, chloralose can pro¬ 
duce central respiratory depression, respiratoiy reflex excitability under this 
agent is increased. 2 Following the achievement of a relative “steady state,” as 
determined by rate and depth of respiration, the functional residual capacity 
' and rate of excretion were determined by the open-circuit helium method.' 1 
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Essentially, in this method, the animal breathes a 50-50 mixture of helium and 
oxygen for a period of 10 minutes to allow for equilibration of the gas in the 
alveoli. At the end of a normal expiration, the animal is switched to tank 
oxygen and the helium is washed out. The helium is passed through a system 
for continuous analysis by a sensith e katharometerA The rate of excretion of 
of helium serves as a general index of the gas mixing. The gas is collected in a 
Douglas hag from which the minute ventilation and the functional residual 
capacity is calculated. All gases have been corrected to STPD (standard 
temperature pressure dry). 

PULMONARY VENTILATION-HYPOTHERMIA 

RESPIRATORY RATE MINUTE VENTILATION HELIUM CLEARANCE FUNCTIONAL RESIDUAL 

PER MINUTE LITERS MINUTES CAPACITY- LITERS 



GROUP I CONTROL 1-6 HRa 

II HYPOTHERMIA 0 5HRS • 28-31'C : o26-27°C 

III HYPOTHERMIA ^HRS 

IV REWARM 

Fig- 1—Significant depression in pulmonary ventilation occurs only below 2S° C In 
prolonged hypothermia (4 hours) there is improiement in over-all ventilation. Upon rewarm- 
mg ventilation returns toward normal 


Animals in the study were divided into the following groups: Group A — 
Control. Six animals under chloralose anesthesia with analyses at 1, 3, and 6 
hours of anesthesia to determine the effects of this agent over a prolonged period 
of time. Group B —Seven animals subjected to hypothermia ranging from 31° 
to 27° C., and then rewarmed. Group C —Four animals cooled to levels of 27° 
to 26° C. and maintained for 4 hours at this temperature. 


*Gow-Mac Instrument Co, Madison, New Jersey 
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Table I Pulmonary. Ventilation—Normotciehmia Conttols 

YVIT ACE OP 0 BOOS—CHLORALOSE ANESTHESIA 


TIME 

(Hours) 

RATE 

rrr min 

MINUTE 
VENTILATION 
(L /MIN ) 

TIDAL 

VOLUME 

(ML) 

IILt IUM 
ciearanOl 
(MIN ) 

FUNCTIONAL 

FESIDUAL 

CAPACITY 

(ML) 

1 

29 

2 44 

110 

18 

310 

3 

30 

2 90 

95 

1 5 

440 

6 

32 

3 70 

110 

15 

370 


RESULTS 

Gioup A -—Contiols Tlie aveiages of the 6 animals aie compiled in Table 
I Ovei a penod of 6 lioms theie was no significant change m the respnatorj 
rate Seventy pei cent of the animals had a late between 20 and 30 pel minute, 
as shown m Pig 1 The minute \entilation increased during the latter pait of 
the study Poi the entile gioup, 83 pei cent of the animals had a minute venti- 
lation between 2 and 3 L The tidal v olume remained essentially unchanged, and 
averaged 100 ml The eleaianco of helium was cssentiallj unchanged, and, m 90 
pei cent of the animals, this time vaned fiom 1 to 2 minutes with an ovei all 
average of 1 5 minutes The functional lesidual capacity was quite variable in 
this gioup, with 59 pei cent having an PRC of 300 to 400 ml Except foi a 
significant lnciease in the minute ventilation and a minimal increase m the 
PRC, theie weic no gloss changes in ventilation dining the G hoiu penod of 
control anesthesia obsen ation 


Table II Group B Hypothermia and Hewakm—Chloralose Anesthesia 


NO j 

temperature 1 
| (°C) 

TATE I 
rEF MIN | 

MINUTE 
VFNTILATION | 
(h /MIN ) | 

TIDAL ! 

\ OLUME 
(ML ) | 

HELIUM | 
clearance j 

(MIN) | 

functional 

RESIDUAL 

CAPACITY 

(ML) 

1 

39 2 

20 

2 89 

145 

1 9 

395 


310 

12 

1 56 

130 

2 7 

453 


39 2* 

16 

2 33 

145 

2 3 

490 

2 

38 6 

16 

1 21 

76 

30 

310 


31 0 

8 

100 

125 

32 

300 


39 3* 

30 

2 22 

74 

1 4 

300 

3 

38 0 

24 

2 63 

100 

20 

200 


30 0 

8 

0 66 

82 

3 5 

260 


37 4* 

14 

3 69 

265 

1 2 

290 

4 

30 2 

20 

2 58 

130 

1 5 

330 


281 

4 

0 2o 

63 

65 

260 


39 2* 

20 

2 79 

140 

1 5 

780 

5 

38 2 

24 

2 25 

04 

1 3 

310 


27 S 

o 

0 38 

77 

4 3 

290 


38 5* 

18 

2 05 

115 

20 

590 

G 

39 2 

20 

2 10 

103 

1 3 

370 


27 2 

4 

0 24 

60 

60 

220 


30 2* 

20 

2 33 

120 

3 6 

340 

7 

37 5 

16 

2 47 

155 

1 3 

320 


27 2 

4 

0 3G 

00 

05 

2S0 


37 5* 

G 

0 96 

160 

43 

360 


“Row arm 
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Group B .—Data referable to the animals cooled and then rewanned appear 
in Table II. There was significant reduction both in the respiratory rate and in 
the minute ventilation at all levels of hypothermia studied (31°-27°). How¬ 
ever, marked prolongation of time required for helium clearance occurred only 
at 28° C. and below. Generally, the deeper the hypothermia, the greater the de¬ 
crease in minute ventilation and the greater the increase in time required for 
helium clearance. The FRC during hypothermia did not show any significant 
alteration for the hypothermic group as a whole. Upon rewarming, the respira¬ 
tory rate returned toward normal. The minute ventilation increased and, in 
the majority of animals, fell within the normal range. The helium clearance 
time returned to essentially normal limits. The FRC remained somewhat high 
in less than half the animals rewarmed. 

Group G .—Following 4 hours of hypothermia, the animals demonstrated 
improvement in their ventilation. The respiratory rate increased somewhat as 
shown in Table III. The minute ventilation and tidal volume improved, and 
the time required for helium clearance in 3 of the 4 animals was reduced. The 
FRC also became somewhat reduced as compared to the short-term hypothermic 
group (Fig. 1). 


Table III. Group C. Prolonged Hypothermia ( i Hours) and Ciiloralose 


NO. 

TEMPERATURE 

(° C .) 

RESPIRATORY 
RATE PER MIN. 

MINUTE 

VENTILATION 

(L./min.) 

TIDAL 

VOLUME 

(ML.) 

HELIUM 

CLEARANCE 

(MIN.) 

EUNCTIONAL 

RESIDUAL 

CAPACITY 

(ML.) 

1 . 

37.3 

48 

2.94 

61 

1.1 

120 


26.2 

8 

0.40 

50 

3.5 

230 


26 . 5 * 

16 

2.42 

150 

1.7 

210 

2 . 

37.6 

16 

2.41 

150 

1.1 

280 


26.0 

4 

0.19 

48 

6.8 

200 


27 . 0 * 

7 

0.57 

so 

3.7 

250 

3 . 

37.9 

24 

2.00 

83 

2.8 

340 


27.0 

5 

-- 

18 

— 

720 


27 . 0 * 

6 

0.36 

60 

6.7 

250 

4. 

38.2 

22 

2.14 

97 

1.3 

310 


27.4 

5 

— 

_ 

8.7 

— 


26 . 4 * 

12 

0.73 

61 

4.3 

150 


‘Hypothermia - 4 hours. 


DISCUSSION 

Hypothermia results in a marked reduction in pulmonary ventilation, as 
evidenced by reduced respiratory rate and minute ventilation. This has been 
observed by other investigators. 2 - 8 Helium clearance which provides a general 
index of intrapulmonary gas mixing was prolonged suggesting impairment of 
ventilation.' The depressed ventilation appeal’s to be essentially a function of 
the reduced temperature. As shown in Fig. 2 there is a linear relationship be¬ 
tween the respiratory rate and the minute ventilation. As -the rate becomes 
significantly reduced, the minute ventilation concomitantly becomes smaller. If 
mechanical components concerned with ventilation were unaltered by hypo¬ 
thermia, it might be anticipated that, despite the reduced rate, the volume of air 
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moved in and out of the lungs might he fairly considerable; however, in these 
studies this is apparently not the case, suggesting some impairment in the 
mechanics of breathing. The defective alveolar ventilation during hypothermia 
is demonstrated in Pig. 3. There is, in general, a parabolic relationship between 
minute ventilation and the excretion of helium. Below a ventilation rate of 1 L. 
per minute, the time required for excretion of helium may vary fiom 3 to 7 
minutes. Of significance, however, is the fact that this activity returns to 
noiinal upon rewarming. A ratio between minute ventilation (MV) and the 



RESPIRATORY RATE IN MINUTES 

FI?. 2.—A generally linear relationship between respiratory rate and minute ventilation 
Is demonstrated. The relationship is retained during hypothermia, suggesting mechanical as 
well as central and/or reflex depression 

helium excretion time (He t ), termed the ventilation efficiency ratio (YER), was 
developed to illustrate the changes of efficiency of ventilation during hypo¬ 
thermia. A YER not exceeding 0.4 is considered to be within normal limits. 
As demonstrated in Fig. 4, the efficiency becomes very markedly reduced at 
hypothermic levels of 28° C. and below with, however, significant improvement 
in ventilatory efficiency at the end of 4 hours of cold exposure. The improve¬ 
ment of ventilation during prolonged hypothermia is doubtless due to an im¬ 
provement in over-all ventilation. This might well be due to a response of the 
respiratory center to the pC0 2 stimulus since, during hypothermia, the pC0 2 
becomes elevated. 1 While there is a possibility that the reflex I'csponscs to C0 2 
may be depressed, it appears likely fx*om this study that, while thresholds to 
stimuli may alter somewhat, elevated pCO- may still elicit an adequate response 
from peripheral respiratory reflexes in prolonged hypothermia. 
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HELIUM EXCRETION Iti MINUTES 


Fig- i —Depression of the minute ventilation during hypothermia is accompanied by 
increased defecthe in rapulmonary gas mixing, as indicated by prolonged excretion time of 
the helium The degree of defective gas distribution varies greatly. These functions return 
to normal on rew arming 



40 38 36 32 30 28 26 36 38 40 

N0RM0THERMIA HYPOTHERMIA REWARM 

TEMPERATURE C* 

Fig. 4.—The efficiency of ventilation is seriously reduced at 28° C. and below, with improve¬ 
ment during prolonged hypothermia and return to normal on rewarming. 
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As a result of the marked ventilatory depression at 28° C. and lower, 
significant unsaturation and C0 2 retention would likely occur. 

The precise involvement of the various mechanical components during 
hypothermia is not known. It has been demonstrated that there is some increase 
in dead space and some decrease in compliance. 0 These changes, along with the 
possible increased resistance to breathing, would indicate increased work re¬ 
quired for breathing. Alterations in these mechanical factors, together with 
central depression due to cold narcosis, could well account for the reduced 
efficiency of ventilation as demonstrated in these studies. The changes, however, 
appeared to be transient, and, upon rewarming, ventilatory activity returned 
to normal limits. 


CONCLUSIONS 

Study of pulmonary ventilation was carried out in dogs under cliloralose 
anesthesia under hypothermia and upon rewarming. The level of hypothermia 
varied from 31° to 26° C. 

There was a marked depression in pulmonary ventilation at 28° C. and 
below, which improved somewhat under prolonged hypothermia. The depression 
is likely central in origin, although some alteration in the mechanics of breath¬ 
ing may also occur. The improvement after 4 hours of hypothermia is probably 
due to return of an adequate threshold response of the respiratory reflexes to 
pC0 2 . 

Upon rewarming, the pulmonary ventilatory functions measured returned 
toward normal limits. 
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ACIDOSIS FOLLOWING RESPIRATORY ALKALOSIS 
IN THORACIC OPERATIONS WITH AND 
WITHOUT HEART-LUNG BYPASS 

Anthony R. C. Dobell, M.D., John R. Gut elms, M.D., and 
David R. Murphy, M.D., Montreal, Canada 

I n the past decade anesthetists have become aware of the likelihood and the 
danger of carbon dioxide retention during anesthesia. 3 ’ 8 The reaction to 
this knowledge has been a tendency to hyperventilate the patient. With inspira¬ 
tion thus assisted by the anesthetist, depression of the arterial carbon dioxide 
tension may occur, particularly with the use of a muscle relaxant and complete 
control of ventilation by the anesthetist. This is particularly true in children. 
The observations reported herein concern the blood changes that occur after 
respiratory alkalosis produced by prolonged hyperventilation during thoracic 
operations. 

MATERIAL 

The patients considered in this report fall into two gi’oups—the “pump- 
oxygenator” group and the “control” group. The former consisted of 22 con¬ 
secutive patients undergoing open heart surgery for a variety of congenital 
cardiac lesions using a screen-oxygenator.* There were two adults, aged 41 
years and 58 years, in this group; the remainder were children weighing for 
the most part between 10 and 20 kilograms. Three patients died postopera- 
tively. Two of these had had tetralogy of Fallot and the other had had a 
functional single ventricle with pulmonary hypertension. An anatomic cause 
of death was present in each case. 

The control group consisted of 8 children undergoing other thoracic opera¬ 
tions. Five had ligation of a patent ductus arteriosus, 2 had lobectomies, and 
1 division of a vascular ring. 

METHODS 

The determinations under consideration include the arterial carbon dioxide 
tension (pC0 2 ), the whole blood pH, and the plasma bicarbonate. Measure¬ 
ments were made with the Astrup apparatus. 1 ’ 2 
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The blood in all eases was wanned to 38° C , and the obseivations aie le 
ported foi the blood at that tcmpeiatmc legaldless of the actual blood tempeia 
tuie at the time ot sampling Aituinl samples weie diawni under anaerobic 
conditions fiom a catbetci in the l.idial arteij In the pump oNjgcnatoi gioup, 
samples weie diawn at the following times (1) chest open befoie bypass, (2) 
late bypass, (3) chest open attei bypass, and (4) after chest elosuie with spon 
taneous ventilation In the control group, samples were drawn (1) befoie 
thoiacotomy, (2) aftei opening the chest, (3) befoie closing the chest, and (4) 
after chest elosuie with spontaneous \entilation 


pC0 2 


hco 3 


pH 


MACHINE CONTROL 

Figr 1 —Arterial blood changes following prolonge 
heart lung bypass and the control patients In eac 
left represent conditions just prior to chest closure with 
the values to the right indicate the situation after chest 
The PCO has returned to normal in each group and the 

Anesthesia was similar foi both groups of patients They "were piemedi 
cated with pentobarbital (15 mg /Kg) 1 l/o hr pieoperatnely, and moiphme 
(01 mg/Kg) and scopolamine (0 01 mg/Kg) 1 hr preopeiatively Aftei 
induction, endotiacheal anesthesia was maintained with 50 per cent mtious 
oxide and oxygen The patients were paralyzed with a muscle lelaxant and 
were manually by pen entilated on a semi open si stem with caibon dioxide 
absoiption 

RESULTS 

The results aie listed m Tables I and II The carbon dioxide tension was 
maintained at about 22 mm Hg by the anesthetist until the patient was pci 
nutted to \entilatc spontaneously When spontaneous ventilation was icsumcd, 


mparlng the 
alues to the 
anesthetist 
ventilation 
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tlie average carbon dioxide tension rose from 22 to 38 and this was accompanied 
by a fall in pH from 7.46 to 7.29. A fall in pH always occurred. The late 
samples in Patient 57 have not been included in the average since there was 
inadequate relief of pulmonary outflow obstruction in this case of tetralogy of 
Fallot, and the patient had severe hypotension due to low output failure after 
the bypass. 


Table I. Pump-Oxygenator Cases 


PATIENT 

CHEST OPEN 
BEFORE BYPASS 

I ATE BYPASS 

CHEST OPEN 
AFTER BYPASS 

AFTER CHEST CLO¬ 
SURE SPONTANEOUS 
VENTILATION 

NUMBER 

pH | 

pco. 

HCO., 

pll 

! pco, j 

HCO, 

pH 

1 pCO, | 

HCO, 

pH | 

pCO, | 

HCO, 

38 

7.59 

20 

19.5 




7.48 

18 

15 

7.29 

30 

14.5 

39 

7.52 

19 

16.5 




7.25 

31 

13.5 




40 

7.50 

35 

26 




7.48 

21 

16.5 

7.24 

42 

17 

41 

7.42 

27 

18.5 

7.24 

50 

18.5 

7.33 

33 

17 

7.20 

41 

15.5 

42 

7.54 

21 

18.5 

7.45 

25 

17.5 

7.43 

25 

16.5 

7.26 

51 

21 

43 

7.56 

23 

21 

7.44 

22 

15.5 

7.50 

20 

.15.5 

7.32 

35 

17.5 

44 

7.40 

25 

15.5 

7.40 

19.5 

13 







45 

7.54 

24 

20.5 

7.44 

29 

19.5 

7.46 

20 

15.0 

7.18 

41.5 

15.0 

46 




7.46 

36 

24.5 

7.55 

20 

18 

7.38 

37 

21 

' 47 




7.49 

22.5 

17.5 

7.45 

18 

13 




48 




7.48 

22 

17 




7.30 

42 

20.5 

49 




7.38 

29 

17 

7.42 

22 

15 




50 

7.45 

26 

18 

7.40 

29 

18 

7.47 

23 

17 

7.31 

39 

18.5 

51 

7.55 

16.5 

15.5 

7.42 

22 

15 

7.54 

14.5 

14 

7.33 

33 

17 

52 

7.43 

21.5 

15 

7.28 

32.5 

15 

7.39 

24.5 

15 

7.28 

37 

17 

53 

7.52 

16 

.14 

7.23 

40 

16 

7.49 

18 

15 

7.25 

35 

15 

54 

7.5S 

14 

14.5 




7.57 

16 

16 

7.31 

33 

16 

55 

7.55 

21 

18.5 

7.31 

35 

17 

7.53 

18 

16 

7.36 

30 

16.5 

56 

7.58 

21 

20 

7.39 

35 

20.5 

7.44 

21 

15 

7.25 

44 

18 

57 

7.53 

19 

17 

7.30 

38 

3 8 

7.22* 

36* 

14.2* 

7.23* 

33* 

13.5* 

58 

7.50 

23 

21.5 

7.39 

36 

21 

7.50 

25 

19.5 




59 

7.57 

22 

20.5 

7.31 

48 

22 

7.52 

24 

20 

7.40 

43 

25 

Average 

7.52 

22 

IS.4 

7.38 

31.7 

18 

7.46 

22 

16 

7.29 

38 

17.8 

*Not 

included in average. 

Patient moribund. 











Table II. 

Controls 
















AFTER 

CHEST 

CLO 


AFTER 

ANESTHESIA 




PRIOR TO CHEST 

SURE SPONTANEOUS 

PATIENT 

1 CHEST CLOSED 

: CHEST OPEN 


CLOSURE 


VENTn-ATlON 

NUMBER 

1 pH 

pCO, 

! HCO, 

i PH 

1 pco ,1 

HCO, 

pH 

1 pco, I 

mm 




C-l 

7.38 

32 

18.5 

7.42 

29 

18.5 

7.38 

29 

18.5 

7.26 

44 

18.5 

C-2 

7.37 

30 

17 

7.48 

27 

20 

7.41 

31.0 

19 

7.34 

39 

20 

C-3 

7.45 

26 

18.5 

7.47 

26 

19 

7.45 

26 

18 

7.27 

48 

20 

C-4 







7.47 

13.5 

11.5 

7.25 

38 

16 

C-5 

7.43 

23 

15.5 

7.50 

16 

14 

7.47 

18 

14 

7.31 

30 

15 

C-6 







7.52 

19.5 

16.5 

7.29 

37 

17 

C-7 

7.28 

50.5 

22 

7.52 

21 

IS 

7.43 

24 

16 

7.32 

39 

19 

C-8 

7.35 

40 

21 

7.52 

23 

19 

7.57 

15 

15 

7.30 

44 

20 

Average 

7.38 

34 

19 

7.49 

24 

18 

7.46 

22 

16 

7.29 

40 

18 


In the control group similar observations wei’e made. While the chest was 
open the average carbon dioxide tension was maintained at about 22 mm. Hg. 
After closure it rose to 40 mm. Hg, and this was accompanied by a fall in pH 
from 7.46 to 7.29. 
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A graphic comparison of the changes that occurred in the two groups on 
returning to spontaneous ventilation is shown in Fig. 1. 

The fall in pH following respiratory alkalosis is further demonstrated in 
Fig. 2, in which the patient showing the greatest fall in pH is illustrated. This 
patient, who had an interventricular septal defect with severe pulmonary hyper¬ 
tension, had a satisfactory postoperative course. Fig. 3 illustrates the same 
type of change in 1 of the control eases. 


e c °2 BY-PASS CASE A5 




Fig. 2—Biochemical changes following rcspiiatory alkalosis in a patient undergoing 
ventricular septal defect repair The solid bars from left to right represent pH values after 
opening the chest, during bypass (B), prior to chest closure and after chest closure with spon¬ 
taneous ventilation (S) The pH dropped from 7 46 to 7.18 following return of pCCh to a 
normal le\el 

Fig. 3—Biochemical chnnges following lespiratory alkalosis in a patient undergoing llga^ 
tion of a patent ductus arteriosus The solid bars from left to right indicate the arterial pH 
before thoracotomy, after opening the chest, prior to chest closure, and after chest closure with 
spontaneous ventilation When in perventllation was discontinued, the pCOj rose from 15 to 
44 mm. Hg, and the pH fell from 7 37 to 7 30 


DISCUSSION 

The acidosis that we have observed at the end of these operations is related 
to the low bicarbonate values; the carbon dioxide tension has rapidly returned 
to a normal level but the bicarbonate lias remained depressed, forcing a drop 
in pH. Respiratory alkalosis reduces the bicarbonate concentration partly be¬ 
cause a portion of the carbon dioxide in the blood is present as bicarbonate, 6 
and partly for reasons discussed below. The respiratory alkalosis may be as¬ 
sumed to be in large part responsible for the lowered bicarbonate values seen 
in the course of these operations in both groups of patients. As the operations 
proceeded, the bicarbonate dropped further. In the pump-oxygenator patients, 
it dropped from 18.7 mEq. per liter after the chest was opened to 10 hefoi’e 
chest closure; the carbon dioxide tension was 22 mm. Hg in each sample. In 
the control patients, the corresponding drop was from 18 mEq. per liter to 16 
without significant change in the pCCri. This continuing depression in bicar¬ 
bonate could be a compensation for the prolonged alkalosis by renal excretion 
of bicarbonate, or fixed acids may have accumulated. Experimentally the rate 
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of reabsorption of bicarbonate by the renal tubules is a direct and.linear func¬ 
tion of the carbon dioxide tension."’ As the pC0 2 falls, so does the bicarbonate 
reabsorption and the plasma bicarbonate concentration is thereby reduced. 

Fixed acid accumulation can also result from respiratory alkalosis. Boucot 
and associates 4 recorded the glycolytic response to vigorous hypeiventilation 
with increase in lactate ion. Ionic shifts in respiratory alkalosis have been 
studied by Elkinton, 7 who showed that an anion shifted out of the cells, which, 
on the evidence of Giebisch, 9 was felt to be lactate. More recently Iluckabee 11 
showed an increase in lactate on hyperventilation, whether active in man or 
passive in paralyzed animals on a ventilator. He pointed out that rapid lactic 
acid accumulation during- hyperventilation represents a mechanism for quickly 
reducing body bicarbonate as an adjustment to alkalosis. Others 10 have demon¬ 
strated the same rise in anesthetized hyperventilated patients. Litwin and as¬ 
sociates 12 pointed out the biochemical similarities between hypoxic acidosis and 
respiratory alkalosis, particularly the increase in lactate and chtoride and the 
decrease in bicarbonate and potassium. The bicarbonate depression during 
these operations could also be due to fixed acid accumulation produced by fac¬ 
tors other than respiratory alkalosis, notably tissue hypoxia either during normal 
or extracorporeal circulation. 

Malette 13 has demonstrated cerebral tissue anoxia from hyperventilation in 
dogs. Although cerebi’al vasoconstriction played a' part, hypoxia was mainly 
due to resistance of alkaline hemoglobin to release bound oxygen. The venous 
oxygen was therefore high despite tissue anoxia. The alkalosis in these animals 
was much more severe than in the patients reported herein. Should this mech¬ 
anism apply at levels of alkalosis observed clinically, then venous oxygen satura¬ 
tion could not be taken as an indication of the adequacy of tissue oxygenation. 

There seems no necessity to implicate the pump-oxvgenator, however, as 
similar changes were seen in the control group. The bypasses in these cases 
were carried out with an average flow rate of 98 c.c. per kilogram per minute, 
and the venous oxygen saturation averaged 72 per cent, the lowest being' 54 
per cent. The flow rate was, therefore, adequate, and acidosis on the basis of 
inadequate tissue perfusion would not be expected. 

All but 2 of the patients studied in this report were children. That the 
changes reported herein are less likely to occur in adults is a. distinct possibility. 
We have noticed a tendency for the bicarbonate level to remain higher in adults 
and, therefore, the pH shift on re-accumulating carbon dioxide at the con¬ 
clusion of the operation has been less profound. 

Although the level of acidosis observed in these cases is mild in most in¬ 
stances, it is the sudden drop in pH that has concerned us. We have not ob¬ 
served any clinical ill effects during this period of transition from controlled 
to spontaneous ventilation. 

SUMMARY 

In a series of thoracic operations carried out with hyperventilation, the 
carbon dioxide tension was reduced to 22 mm. Hg. When carbon dioxide 
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leaccumulation was permitted at the end of opeiation, a sudden fall m pH oc¬ 
cur! ed The findings were snnilai in two groups of patients, one undeigoing 
extracorporeal cuculation foi mtiacardiac suigeiy and the othei lia\mg had 
other thoracic proeeduies All but 2 of the patients weie children 

The technical assistance of Miss B Thomas and Mr W Schroedcr is gratefully ac 
knowledged 
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RAPID HYPOTHERMIA: AN IMPROVED 
EXTRACORPOREAL METHOD 

Harold C. Urschel, Jr., M.D.* Jack J. Greenberg, Lieutenant 
(MC) US NR** and Earl J. Roth, M.D.*** 

H ypothermia lias been successfully employed in various forms as an adjunct 
to cardiac surgery—in the past by surface coni act techniques, 1 ’ 2 and more 
recently via the extracorporeal circulation. 3 ' 10 The combination of hypothermia 
with extracorporeal circulation reduces metabolic requirements and blood flow 
rates, increases the efficiency of oxygenation, and enables longer safe perfusions. 
It allows the perfusion of large patients whose flow rate would otherwise ex¬ 
ceed the capacity of a given oxygenator at normothermia. 

Since the efficiency of both blood oxygenation and heat transfer depend on 
a maximum exchange surface per unit blood flow, an apparatus was developed 
to combine these functions within the oxygenator. This unit, which adapts to 
the rotating disc oxygenator, consists of a scries of semicircular, stainless steel 
coils connected in parallel. An electronically controlled unit circulates water at 
the desired temperature through the coil thereby providing rapid, safe, and 
precise control of blood temperature. 

This method of rapid hypothermia and rewarming is accomplished with 
total cardiopulmonary bypass and incorporates all of the prerequisites for ideal 
thermal regulation: (1) maximum efficiency of heat exchange, (2) precise 
and simple control of blood temperature, (3) safety with regard to the produc¬ 
tion of gas emboli developed during rapid rewarming, (4) no impedance to 
blood flow, (5) minimal injury to blood elements, and (6) no additional priming 
volume. 

Extracorporeal hypothermia as utilized clinically today is initiated via the 
femoral vessels with partial bypass prior to thoracotomy. In contrast, this 
method effects heat exchange on total cardiopulmonary bypass without pro¬ 
longation of operative time or commitment to hypothermia before the intra- 
thoracic situation has been evaluated. 

From the Naval Medical Research Institute, Bethesda, Mil. 

The opinions or assertions contained herein are the private ones of the writers and are 
not to be construed as official or reflecting the views of the Navy Department or the na\ ai 
service at large. 

Received for publication May 4, 1959. 
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*‘Naval Medical Research Institute. Bethesda, Md. 
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EXPERIMENTAL DESIGN 

To evaluate this method ot thermoregulation and to study the effects of 
rapid total body cooling and reivarming, a series of experiments was designed. 
The following factors wore examined: (1) the efficiency and rate of blood and 
body temperature change, and (2) the safety of rapid thermal alterations with 
regard to (a) the temperature gradient which can be applied to the blood with¬ 
out producing damage, (b) the effect of this apparatus on blood elements and 
oxygenation, (e) the formation of bubble emboli upon rapid rewarming, and 
(d) the blood electrolyte and pH change. 

Following evaluation, this thermoregulation unit was incorporated into the 
extracorporeal circuit for the production of rapid hypothermia and rewarming 
as well as maintenance of nomial temperature in human perfusions. 

APPARATUS 

The apparatus for extracorpoieal blood thermoregulation consists of two 
pai-ts: (1) a eoil (Fig. 1) that conducts water and adapts to the inside of the 
Kay-Cross rotating disc oxygenator, 11 and (2) an electronically controlled 
pumping unit (Fig. 2) containing hot and cold reservoirs. 

The coil is a series of y 8 inch diameter stainless steel tubing seinicircularly 
molded, and connected in parallel. The longitudinal inflow and outflow con¬ 
duits perforate the end plates near the top and are connected to the thermo¬ 
regulation pumps, reservoirs, and electronic control unit. The glass reservoir 
is Yi inch larger in diameter than the standard size in order to accommodate 
the coil and maintain the same piiming volume. Coils of different lengths 
adapt to the 13-, 17-, and 21-inch oxygenators. 

The pumping unit consists of two water reservoirs, and two centrifugal 
pumps which circulate fluid through the coil at a rate of 6 gallons per minute. 
The warming reservoir is equipped with a thermostatically controlled 2,000 watt 
heater and provides rapid attainment of temperatures between 0° to G0° C. 
The warming fluid may be internally recirculated to maintain a given tempera¬ 
ture, or pumped through the coil. The cooling reservoir is held constant at 1° 
to 3° C. with ice water which is always available for coil circulation. Inter¬ 
locking solenoid valves enable instantaneous shift from one reservoir output to 
the other, providing maximum temperature gradients for blood thermoregu¬ 
lation. 

METHODS 

Animal Investigation .—Mongrel dogs varying in weight from 11 to 22 ICg. 
were anesthetized with intravenous Nembutal, intubated, and mechanically 
respirated with 97 per cent oxygen and 3 per cent carbon dioxide. Cannulations 
of the right femoral artery for input of oxygenated blood and of the venae 
cavae, via the right atrium, for venous drainage were performed. 

The oxygenator containing the thermoregulatory coil was primed with 
heparinized blood, drawn the previous day. A calibrated variable stroke volume 
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and stroke rate piston-type p'nmp with occlusive flap valves at each end of a 
Tygon chamber was employed. Cardiopulmonary bypass was established using 
gravity drainage into the oxygenator. 

Animal perfusions were separated into two groups of 12 and 11 animals 
each. In the first group, esophageal temperature was lowered to 28° C. and in 
the second group to levels from 10° to 22° C.’ After stabilization of pressures 
at a perfusion temperature of 37° C., rapid cooling was initiated with 1° to 
3° C. water in the cooling circuit. When the desired level of hypothermia was 
achieved, the blood temperature was controlled to maintain the esophagus at 
that level for 1A hour. A right ventriculotomy was performed and repaired 
during this period. Coronary blood from the open cardiotomy was returned 
via a roller pump to the oxygenator. Bapid rewarming of the blood and body 
was then effected by circulating water at 44° C. through the coil. 

Thermocouples recording on a Brown potentiometer wore placed in the mid¬ 
esophagus, rectum, thigh muscle, right ventricle, as well as the venous and 
arterial ends of the oxygenator. Inflow and outflow coil temperatures were 


r 


i 



Fig. 3.—Plenum chamber. 


constantly recorded. Blood oxygenation was monitored with a Clark oxygen 
electrode inserted in the arterial end plate. Venous and arterial pressures were 
monitored via left femoral vessel cannulae. 

A plenum chamber (Pig. 3) was inserted into the arterial end of the 
oxygenator in parallel with the outflow tract to discern any microbubbles 
evolved during rapid rewarming. This device provides a decrease in linear 
flow by virtue of increased cross sectional area, thus permitting bubbles to rise 
and he trapped in the top of the chamber. 

Blood samples were obtained at intervals of 5 to 10 minutes from the 
patient and oxygenator for determination of platelets, white blood cells, plasma 
hemoglobin, pH, and serum Na% IC* and Ca~. A control aliquot was maintained 
at 37° C. and sampled simultaneously with the oxygenator blood samples. 

To determine safe parameters for heating and cooling blood, in vitro ex¬ 
periments were performed on freshly drawn dog blood drawn the day 
of the procedure. Using siliconized equipment and exercising maximum care 
in blood handling, the extracorporeal circuit was primed as in the animal 
experiment, substituting a reservoir for the dog. A control blood sample was 
maintained in a 37° C. water bath. 


20 * 


•Cardioplegia -tv-as produced and maintained with hypothermia at temperature levels below 
Results or this Investigation will be reported elsewhere. 



Table I. Thermoregulation Data From Animal Experiments 
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Foi determination of tlic ciitical uppei thermal limit, blood was circulated 
at 37° C and then raised 1° eieiy 5 minutes to a tcmperatuie of 50° C At 
the end of each 5 minute penod, a sample was taken fiom the oxygenator and 
the conti ol foi the determination of plasma hemoglobin, white blood cells, and 
platelets Vaiying tempciatuies of coil fluid weic utilized to establish safe 
limits foi blood contact When the tempeiatuie at which the blood began to 
exhibit damage had been determined, fiesli blood was placed m the bypass 
cncuit It was cnculated foi 20 minutes at each degree of tempeiatuie he 
ginning 3° below and increasing tluough the thcimal level pioducmg damage 
In this way the safe uppei limit of blood tempeiatuie in the extraeorpoi eal 
circuit was deteinnned as well as the optimum watei tcmperatuie giadient 
w hieh could safely he applied to the coil 

To investigate the lowei thcimal limit, blood at 37° C was exposed to a 
coil temperatuie of 1 5° C with the animal in the circuit The blood lapidly 
chopped to 4° G wlieie it was maintained foi one half hour Since blood 
elements weie not damaged in excess of control mines it was unnccesxaiy to 
continue these experiments in vitro 


RESULTS 

Expeiimental Results —Twenty three mongiel dogs were subjected to lapid 
body cooling and lewaiming Blood flow lates weie diffeient fiom animal to 
animal and varied with tempeiatuie (Table I) Maximum rates of cooling were 
16° 0 per minute for blood and 2 9° C per minute for the esophagus The 
■velocity of lewaiming was slightly less than that of cooling with a maximum 
blood rate of 9° C pel minute and an esophageal late of 1 0° C pci minute 
Once the desned tempeiatuie level was icached it was possible to control it 
witlun ±0 5° C * 

The rates of cooling and iewaiming were directly pioportioual to the late 
of flow as is shown m Figs 4 and 5 When the esophageal temperatuie was 
Ioweied the venous return to the oxygenator decreased At 30° C, it was ap 
pioximatelv 50 pei cent of the flow at noimothermia Consequently, the moie 
lapid changes of tempeiatuie occuned in the lnghei tempeiatuie ranges with 
regaid to the flow effect This factor operated independent].! of the giadient 
advantage available in the watei bath, which enabled an mcieascd late of cooling, 
but a decieased late of rewaiming 

It was also observed that even with similai blood flow rates pei unit of 
weight and identical blood tempeiatuie changes, different animals occasionally 
cooled at dissimilar rates The viscosity of the blood incieased with the de 
ciease in tempeiatuie and blood flow 

Efficicncv of this heat exchange unit can he calculated m the following 
m mnci 

Efflcienev =-- Blood tempmature nse oi fall_ x 100 

Tempeiatuie of inlet blood - Tempcrntine inlet IT«0 


'These limits of control were corroborated when the 
of normothermia In 60 animal and 10 clinical patients 


unit was emplojed for maintenance 
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The efficiency of cooling and warming is approximately 70 per cent. 
However, the velocity of warming is lower because of the thermal gradient to 
which blood can safely be exposed. Tlie efficiency varies slightly with the 
blood flow through the oxygenator (Fig. 6) but is not significantly affected by 
changes in disc rotation or rate of oxygen flow. 



Fig. 4.—Effect of blood flow rate on esophageal cooling. 



Fig. 5 .—Effect of blood flow rate on esophageal warming. 

Direct blood heat exchange provides for uniform rapid cooling and 
warming of the vital organs, the esophagus responding immediately and the 
heart following at a somewhat slower rate (Fig. 7). Both closely parallel the 
blood temperature change. The skeletal muscle of the thigh changes at a 
much slower rate and never attains the internal organ temperature within the 
duration of our experiments. The rectal temperature has been found to be 
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the most variable in its rate of temperature change, with the final stabilized 
thermal level between that of the vital organs ancl the muscle. 

Utilizing 1.5° C. water in the coil, a blood temperature of 4° C. was 
achieved consistently without any significant change in blood elements from 
the normothermic controls. 

The in vitro investigation revealed the upper thermal limit to be a coil 
temperature of 45° C. which produced a blood temperature of 43.5° C. At 
coil temperatures above 45° C., considerable hemolysis and thrombocytopenia 
occurred. With coil temperatures of 43° to 45° C., circulation of blood for 20 
minutes disclosed no increase of blood damage with increased time (Fig. 8). 



Fig. 8.—Effect of temperature on plasma hemoglobin production. 


On the basis of these findings, coil temperatures of 44° C. were employed 
throughout our experiments as the upper thermal limit for rewarming with 
the maintenance of excellent blood element values (Table II). No significant 
difference was noted from the control normothermic perfusions (Table III) 
and therefore it is concluded that rapid cooling and rewarming within the 
limits established, are completely safe in regard to blood element damage. 

The higher ranges of blood destruction occurred in cases with large 
coronary sinus suction return. Perfusion durations up to 180 minutes without 
coronary sinus blood suctioning were associated with an average increase of 
only 20 mg. per cent plasma hemoglobin. 

Serum electrolyte determinations on the serial blood samples revealed no 
significant changes of Na + , Iv + , or Ca ++ during hypothermia or rewarming. 
There was some depression of pll during hypothermia to levels from 7 . 1 8-/.28, 
but at the close of perfusion pll was always within normal limits. 

The presence of the thermoregulatory coil within the oxygenator permitted 
the blood level to fall as low as 1% inches below the recommended level 
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Table IT Blood Element Damage Dekino 60 Minute Extp vcoppobeai Cumulation With 
Rapid Cooling and Rewtarming 


- - - - 

| P\NCE j 

AvnurF 

Plasma hemoglobin (mcicise) 

5 DO mg % 

38 mg % 

Platelets (decrease) 

50,000 250,000 

110,000 

YvBC (decrease) 

2,000 5,000 

2,600 


Tabi e III Bi ood Element Damage Duping 60 Minute NOPMothfpmic 
Extracorporeal Circulation 



| P\NCE | 

a\erage 

Plasma hemoglobin (increase) 

3 110 mg % 

41 mg % 

Platelets (decrease) 

65,000 210,000 

120,000 

W BG (decrease) 

1,900 6,000 

2,000 


without foaming oi fiotlnng Without the coil, maiked foaming occurred 
with as little as Vi inch di op below the optimum lei el Thus, the entieal 
pioblem of maintaining blood lei el was minimized Oxygenation of the 
blood was in no way compromised by utilization of the coil 

Bubble foimation duung npid lcwanning did not piesent a matoi 
pioblem In 2 of the 23 cases, small bubbles weie noted m the plenum cliambei 
at the end of the experiment, howexei, these 2 animals piescnted no neuio 
logical deficits and weio long teim sumxois 

In this senes of 23 animals, all suruvcd at least 18 horns Fourteen weie 
considered long torn, sunning longei than 72 horns No neuiologicol 
symptoms weie piesont in anj animal and all deaths weie umelated to the 
liypothcimia 

Chmcal Results —This method has been successfully cmplojed climcallj 
foi total extiacoipoieal hypotheimia m 12 patients and foi maintenance of 
normothennia in 5 others at the Naxal Hospital, Betlicsda, Maryland The 
same exaluation and monitoiing appaiatus used m the laboiatory were m 
eoipoiated in its elimeal application 

The decision to use lixpotheimia was made following thoiaeotomj and aftci 
total caidiopulmonaix bxpass had been instituted Duiation of ppifusion 
ranged fiom 30 to 52 minutes No additional opentue or peifusion time xras 
lequned for the cooling oi lewrai niing 

In these cases the esoplngcal tcmpeiatuic was loweied 1 0° to 2 6° C pei 
minute and was lewaimcd 0 5° to 1 0° C pci minute Esophageal temperatuies 
weio maintained at 28° to 29° C The axcrage plasma hemoglobin mciease was 
35 mg pei cent and the platelet deciease xvas r >0 pei cent of preoperatixe xallies 

DISCUSSION 

This type of extiacoipoieal thcimorcgulation pioxidcs a highlj efficient 
and safe method for zapid total hodx cooling and lewarmmg It supplies the 
caidioxasculai suigeon with immediate lixpotheimia at. mix time duung an 
opciation xxithout committing him to it pieopeiatixclx Minimal opeiatmg time 
need he wasted cooling and lew arming Rapid cooling can he effected m coses 
of unexpected high flows which exceed the capncitj of the oxxgenatoi If 
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cerebral emboli are suspected during a procedure, protection with immediate 
hypothermia is available. 

Increased efficiency of body cooling and rewarming is achieved by uti¬ 
lizing this apparatus within the oxygenator. This, also, eliminates additional 
units in the circuit with their increased impedance to blood flow and larger 
priming volume. Maximum safety is achieved because the oxygenator serves as 
a bubble trap for any gases released during rapid rewarming, and the coil 
permits wider fluctuation of the blood level without frothing. 

The higher velocity of cooling (2.9° C. per minute) compared to rewarming 
(1.0° C. per minute) is largely due to the greater gradient which can be 
applied in cooling. Coil temperature of 1.5° C. applied to 37° C. blood yields 
a 33.5° C. differential operating in favor of the desired temperature change. 
However, a 44° C. coil temperature contacting 20° C. blood during rewanning 
allows only a 24° C. gradient. In addition, warming must overcome the effect 
of 25° C. room temperature. The normal temperature regulation mechanism 
of the animal does not play a large role with this “core” method of thermo¬ 
regulation. With the high efficiency of heat exchange, the larger flows per unit 
weight produce faster rates of “core” temperature change (see Figs. 4 and 5). 
Total weight seems to make no difference within the range employed. Applica¬ 
tion for clinical hypothermia in 70 Kg. patients has produced equal or faster 
rates of temperature change than in animals. Differences in the cooling or 
rewanning rate of animals with the same weight, blood flow, and inflow blood 
temperature may be due to variations in vasoconstriction or in fat distribution. 

The 50 per cent reduction of blood flow in the extracorporeal circuit below 
30° C. is substantiated by the observation of King and Bounos 12 that cai’diac 
input is 48 per cent of the normal at that, temperature. 

The “core” method of hypothermia cools the vital organs rapidly and the 
muscle mass slowly. Thus, the more vascular organs with high oxygen demands 
are afforded hypothermic protection early which is an advantage over the sur¬ 
face cooling techniques. 

During hypothermia, the cooler, more viscous blood decreases the output 
of the Tygon pumping bag in our system approximately the same amount as 
the venous inflow to the oxygenator is reduced. This eliminates the necessity 
for change in the pump control settings during cooling or rewarming despite 
the marked variation of blood flow. 

The theoretical possibility that dissolved oxygen will come out of solution 
on rapid blood rewarming and produce emboli is based on the fact that the 
solubility of a gas is inversely proportional to the temperature; that is, at 2° C., 
twice as much oxygen is soluble in plasma as at 37° C. The plenum chamber 
was employed because it is the most sensitive method of detecting microscopic 
bubbles in a flowing stream, according to Maloney. 13 Our experiments sub¬ 
stantiated this fact, since the direct examination of blood film with a microscope 
or the decompression of organs proved cumbersome and less reliable. 

Neither of the animals in which small bubbles were demonstrated in the 
plenum trap during rapid rewarming exhibited neurological signs. Since this 
represents only 9.1 per cent of our series and both of these animals .were long¬ 
term survivors, it is concluded that rapid blood rewarming, providing it is done 
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withm an oxjgenatoi, is safe In clinical use, a maximum giadient of 20° C 
lias been utilised m oidei to lemam well MiHim the limits of safetv 


SUMMAKX 

1 A highly efficient method foi dnect blood cooling and lewaiming, 
utilizing the lotatmg disc oxjgenatoi and employing an electionicalh controlled 
th( imoicgulation unit, has been pi (.suited 

2 Blood tcmpeiatuics aie ledueed at 16° C pei minute and leu aimed at 
9° C pel minute ivitli pieuse contiol and safetj Esophageal tcmpeiatuics 
may be loueied 2 9° C pel minute and lcuanncd 1 0° C pei minute 

3 Successful clinical application of tins method foi lapid hvpotlieimia 
produced with total caidiopulmonaiy In pass has been made in 5 patients 

4 Blood maj bo exposed to tcmpeiatuics of 1° C foi cooling and tempeia 
tures of 45° C foi Manning uitliout significant blood element damage 

5 Rapid leivaiming of cold oxygenated blood does not pioduce expori 
mentallj' oi cluucallv significant gas emboli with tins method 

We gratefully acknowledge the assistance of D Freedman, R Steiner, and R Wilson 
of the Electronics Division, Naval Research Laboratory, for their v\ork in the development 
and construction of the thermoregulatory unit 

We nro deeply indebted to Dr Charles A Hufnagel, Professor of Surgerv, George 
town University Medical School, and Captain Robert B Brown, Chief of Surgery, U S 
Naval Hospital, Bethesda, Maryland, for their advice and guidance m this project 
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THE CLINICAL USE OF POLYBRENE AS AN ANTIHEPARIN 
AGENT IN OPEN HEART SURGERY 

Jack B. Blumberg, M.D., Loren C. Winterscbeid, M.D., Ph.D., David H. 
Dillard, M.D., Roy R. Vetto, M.D., and K. Alvin Merendino, M.D., 

Seattle, Wash. 

INTRODUCTION 

T he use of extracorporeal circulation demands that the blood of the patient be 
reliably anticoagulated. The agent commonly used is heparin. It is, of 
course, necessary to re-establish the clotting mechanism at the end of the bypass 
period. Until recently, the only antiheparinic agents available wore protamine 
(Salmine) sulfate and toluidine blue. Now a new agent is available which 
shows considerable clinical promise. The purpose of this paper is, first, to 
review mainly the undesirable effects of protamine, and, second, to review our 
clinical experience with the newer agent, Polybrenc.* 

THE ANTIHEPARIN ACTIVITY OF PROTAMINE (SALMINE) SULFATE 

Tlie antiheparin activity of protamine was described as early as 1937 by 
Chargraff and Olson, 1 but was not clinically employed until heparin was em¬ 
ployed more rigorously in the treatment of various thromboembolic phenomena. 
The need for rapid reversal of the anticoagulant effect of heparin was seldom 
necessary. However, the advent of open heart surgery, utilizing cardio¬ 
pulmonary bypass techniques, has brought with it the need for rapid reversal 
of heparin effect, and thus the widespread use of protamine. 

Although protamine is usually an effective agent, there are several factors 
worthy of mention which render it less than ideal. First, and requiring little 
explanation, the relative instability of the preparation is an undesirable quality. 
Second, the paradoxical anticoagulant activity of protamine places upon the 
physician the onus of relatively accurate calculation of dosage by rather 
laborious methods. This anticoagulant effect of protamine seems multifaceted. 
Portman and Holden, 2 and Ilougie 3 demonstrated that protamine interferes 
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with tiic conversion of prothrombin into thrombin. Hougic states that, in low 
concentration, protamine is antithromboplastinogenic. These author’s also de¬ 
scribe the inactivation of fibrinogen by protamine. This reaction presumably 
takes place by the formation of a soluble protamine-fibrinogen complex. The 
complex thus formed is somewhat analogous to that formed in the interaction 
of the macromolecular plasma expanders (polyvinylpyrrolidone, Dextran) and 
fibrinogen. Jacques, 4 in 1919, verified that, up to a certain level, protamine 
reverses the anticoagulant effect of heparin, but beyond this level, it seems to 
enhance the heparin effect. 

Third, Jacques further demonstrated that the rapid infusion of protamine 
causes a marked fall in the blood pressure, probably as a result of the extensive 
dilatation of muscular arterioles. This fall in blood pressure is sometimes 
resistant to therapy in experimental animals and seems increased in those who 
have undergone extracorporeal circulation. 5 Jacques also reported the transient 
leukopenia and thrombocytopenia following the injection of protamine. The 
extent of the deleterious nature of this reduction in number of formed elements 
of the blood is unclear. 

Fourth, it would be desirable to have an antiheparin agent which would 
exert an in vivo anticoagulant effect more quickly than protamine. Although 
in vitro the reversal of heparin with protamine is instantaneous, limitations in 
the rate of administration delay the in vivo appearance of clotting. 

A fifth criticism of protamine rests with the varying potency of the 
preparation. This factor renders the establishment of standard doses virtually 
impossible. Portman and Holden found that the protamine/lieparin ratio in 
vitro varied from 1G :1 to 0.7:1.0, depending upon the particular lot of pro¬ 
tamine used. 

"With these inadequacies in mind, several relatively satisfactory methods 
have been suggested to estimate the amount of protamine required to reverse the 
heparin effect. All of these arc variants of the titration techniques. These 
techniques, however, are time consuming, and thus constitute another criticism 
to the clinical use of the preparation. 

A BRIEF DESCRIPTION OF POLYBRENE 

It. is understandable that the description of a now antilieparin agent in 1953 
was welcomed. 5 This material, Polybrene, is a stable quartenary ammonium 
salt with a formula (CiaIIaoBr 2 N 2 ) x , a polymer of N.NjNhN 1 tetramethyl- 
hexametliylenediamine and trimethyl bromide. It shares features with both 
protamine and toluidine blue. It exerts a potent antiheparin effect both in vivo 
and in vitro. It is also in itself an anticoagulant. 

A clinical and experimental trial of Polybrene has been reported by "Weiss 
and his associates. 7 This group concluded that the agent is superior to pro¬ 
tamine and toluidine blue. They reported rapid conversion to a normal clotting 
time, with minimal side effects. These include dizziness, thought to be secondary 
to a transient hypotension from too rapid administration. Tiic authors also 
considered the possible antigenic role of Polybrene, and advised against its use 
in patients with a history of allergic response. 
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Table I. A Summarization of the Use of Polybrene 

47 Patients 

TO Be VERSE TIIE IlEPARIN EFFECT IN 



i 

1 

HEPARIN 

(MG.) 

1 

POLYBRENE j 
1 (MG.) 

1 

RATIO 

HEPARIN/ 

POLYBRENE 

TIME 

BETWEEN 

heparin 

AND 

POLYBRENE 

(MIN.) 

MIN. AFTER 1 
POLYBRENE 
TO 

CLOTTING 

TIME 

BF.TER. 

CI.OT- 

TING 

TIME 

(MIN.) 

REMARKS 

1 

43 

50 

35 

1.4/1 

— 

10 

10 

No reaction 

2 

15 

30 

21 

1.4/1 

— 

10 

9 

No reaction 

3 

56 

170 

120 

1.4/1 

— 

(a) 30 

(a) 75 

Given additional 

4 

54 

160 

115 

1.4/1 


(b) 55 
(a) 30 

(b) 20 
(a) 25 

50 mg. Poly- 
brene 

No reaction 
Stridor, general 

5 

41 

124 

100 

1.2/1 


(b) 60 

75 

(b) G 

16 

rash; I.V. 
Benadryl 
Additional 20 
mg. Polybrcne 
No reaction 

6 

15 

45 

40 

1.1/1 

— 

10 

12 

No reaction 

7 

52 

160 

120 

1.4/1 

— 

10 

13 

No reaction 

8 

66 

210 

150 

1.4/1 

— 

(a) 10 

(a) 21 

No reaction 

9 


ISO 

140 

1.3/1 


(b)55 

15 

(b)ll 

15 

Additional 60 
mg. Polybrene 
No reaction 

10 

— 

150 

130 

1.2/1 

90 

15 

25 

Additional 50 

11 

_ 

190 

190 

1.0/1 

_ 

15 

7 

mg. Polybrene 
No reaction 

12 

12 

96 

60 

1.6/1 

— 

(a) 15 

(a) 18 

No reaction 

13 

58 

180 

180 

1.0/1 

110 

(h)45 

15 

(b) 5 

15 

Additional 30 
mg. Polybrene 
No reaction, pa¬ 
tient on lipo- 
heparin preop. 
No reaction 

14 

20 

60 

00 

1.0/1 

GO 

20 

7 

15 

56 

170 

170 

1.0/1 

127 

(a) 25 

(a) 26 

Patient with 

16 

70 

240 

240 

1.0/1 

190 

(b) 60 

15 

(h) 23 

5 

severe clotting 
disorder; 
given 32 E. 
whole blood, 
additional 170 
mg. Polybrene 
No reaction 

17 

6 

20 

20 

1.0/1 

96 

15 

8 

No reaction 

18 

5B 

170 

170 

1.0/1 

87 

10 

20 

No reaction 

19 

26 

80 

80 

1.0/1 

73 

20 

5 

No reaction 

20 

65 

210 

210 

1.0/1 

125 

20 

8 

No reaction 

21 

60 

200 

200 

1.0/1 

210 

18 

12 

No reaction 

22 

60 

200 

200 

1.0/1 

155 

15 

10 

No reaction 

23 

48 

150 

150 

1.0/1 

90 

20 

10 

No reaction 

24 

62 

150 

150 

1.0/1 

95 

15 

6 

No reaction 

25 

S 

30 

30 

1.0/1 

100 

(a) 25 

(a) 25 No reaction 

26 

55 

170 

170 

1.0/1 

85 

(b)55 

20 

(b)10 

s : 

Additional 10 
mg. Polybrene 
No reaction 

27 

24 

80 

80 

1.0/1 

75 

15 

15 

No reaction 

2S 

33 

100 

100 

1.0/1 

SO 

15 

8 

No reaction 

29 

80 

240 

240 

1.0/1 

66 

(a) 15 

(a) 30 

Additional 100 

30 

50 

160 

160 

1.0/1 

65 

(b) 45 

15 

(b) 8 mg. Polybrcne, 

urticarial rasa, 
I.V. Benadryl 

15 No. reaction 

31 

42 

150 

150 

1.0/1 

89 

20 

10 No reaction 

32 

72 

220 

220 

1.0/1 

85 

15 

9 No reaction 

33 

11 

33 

33 

1.0/1 

105 

15 

7 No reaction _ 
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Table I—Cont’d 


NO ' 

YVT 
(KG ) ! 

HEPARIN 
(MO ) 

POLYBRENE 

(MO) 

RATIO 

HEPARIN/ 

POLYBRENE 

TIME 

BETWEEN 

HEPARIN 

AND 

TOLYBRENF 
(MIN ) \ 

MIN AFTEI* 
POLYBRENE 
TO 

CLOTTING 
TIME 
DETER | 

CLOT 
tin a 
TIME : 

(min ) i 

TEMARKS 

34 

2D 

90 

90 

10/1 

168 

15 

9 

No reaction 

35 

10 

30 

30 

1 0/1 

95 

20 

9 

No reaction 

36 

37 

120 

120 

1 0/1 

200 

15 

10 

No reaction 

37 

32 

110 

110 

10/1 

81 

(a) 15 

(b) 35 

(s)25 

0010 

No reaction 
Additional 50 
mg Polybrene 

3S 

74 

230 

230 

1 0/1 

177 

15 

8 

No reaction 

39 

47 

140 

140 

1 0/1 

75 

15 

7 

No reaction 

40 

45 

140 

140 

1 0/1 

90 

15 

S 

No reaction 

41 

52 

160 

160 

10/1 

75 

15 

7 

No reaction 

42 

24 

70 

70 

10/1 

95 

15 

8 

No reaction 

43 

53 

160 

160 

1 0/1 

60 

15 

13 

No reaction 

44 

68 

200 

200 

10/1 

75 

15 

15 

No reaction 

45 

82 

200 

200 

1 0/1 

95 

15 

8 

No reaction 

40 

28 

00 

60 

10/1 

20 

15 

7 

No reaction 

47 

91 

300 

300 

1 0/1 

175 

15 

5 

No reaction 


Fne factois indicate that Polybiene has many ad\antages ovei the older 
antihepanmc agents (1) its stability, (2) its apparent more lapid action, (3) 
the apparent gieatci maigm of safety between doses -which haie a good anti 
hepann effect and those which might exert a sjmeigistic anticoagulant activity, 
(4) the unifoim potency of the preparation fiom one lot to anotliei, and (5) 
the absence of seicie liypotensiie leactions 

THE CLINICAL USE Of POLYBRENE 

In the first 52 cases of open heart suigery done at this institution, 
pi otanunc was loutmely used to teveise the heparm effect In view of the 
encouraging factors alieady leviewed concerning Polybrene, beginning over 
a year ago that pieparation has been used exclusively as an antiheparm agent 
in patients undcigoing open lieait suigery It has noiv been employed in 47 
eases, a summary of which has been tabulated m Table I Although a careful 
lccord of the clotting time was not loutmely kept when protamine was em 
ployed, these clotting times wetc frequently prolonged aftei heparin effect 
ie\eisal, legardless of the amount of piotamine used In contiast, the 
i apidity and consistency of ieicisal of the hepaiin effect by Polybiene has 
been striking 

In the fiist 12 cases, a hcpaun/Polybicne latio (milbgiam to milligram) 
of 14 10 was employed This was in accoiil with the ratio suggested by 
Picston and others 0 Iloweiei, in 9 of these cases, the clotting time, as 
detei mined by a modified Lee and While technique, was gi eater than 10 
minutes, when measured fiom 10 to 25 minutes aftei the ndninustiation of the 
lolybrene In 5 of these cases, the clotting time was sufficiently piolonged 
(up to 75 minutes), and the patient’s bleeding of such a magnitude, that addi 
tional Polybiene was gnen (up to GO mg) In these 9 eases, the second 
dUeimmatxou of the clotting time was satisfactory, and the patient showed 
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evidence of clotting clinically. These augmenting doses were noted to bring 
the heparin/Polybrene ratio to 1.0-.1.0. Consequently, since that experience, 
Polybrene has been administered on a milligram per milligram basis with 
heparin. 

Although some observers have reported a transient, albeit sometimes 
rather marked hypotension following the intravenous administration of 
Polybrene, the phenomenon has not been observed with constantly monitored 
arterial pressures. An attempt has been made to give the calculated dose 
slowly into the infusion line over a period of approximately 5 minutes. In a 
few instances, however, this period has been substantially reduced without 
any untoward effect being noted. 

In the last 35 eases, supplemental Polybrene was given in four instances. 
The fh-st, Case 15, was a 19-year-old boy with a tetralogy of Fallot, who had 
previously undergone a Blalock procedure. One hundred and seventy milli¬ 
grams of heparin was administered for anticoagulation followed by a like 
amount of Polybrene 127 minutes later. Bleeding from all areas of the in¬ 
cision however, continued to be massive; and the clotting time, as measured 
25 minutes after Polybrene administration, was 26 minutes. An additional 
170 mg. of Polybrene was given, yet 20 minutes later the clotting time was 
25 minutes. During this period, the sternotomy incision was re-opened in an 
attempt to control local bleeding points. It was obvious that a diffuse hemato¬ 
logic defect existed. A total of 32 L. of fresh whole blood was given to this 
patient. He died with continued massive blood loss, in spite of fresh blood, 
fibrinogen, vitamin K, steroids, and adrenochrome semiearbazonc. This bleed¬ 
ing diathesis was evident prior to administration of Polybrene, and, in view of 
the massive transfusions necessitated by continued blood loss, this case cannot 
be regarded as a Polybrene failure. The hemorrhagic disorder could not be 
clearly defined by the hematologists prior to the patient’s death. 

A second instance in which additional Polybrene was given was that of 
Case 29, a 33-year-old man weighing 80 kilograms, who had a ventricular 
septal defect. Two hundred and forty milligrams of heparin was admin¬ 
istered 66 minutes before the patent received an equal amount of Polybrene. 
The clotting time, as measured 15 minutes after the administration of Poly¬ 
brene, was 30 minutes. He received ail additional 100 mg. of the agent (total 
dose—340 mg., or 4.25 mg./Kg.), with a second clotting time determination 
of 8 minutes. Shortly after receiving the supplemental Polybrene, this pa¬ 
tient developed a generalized urticarial rash, which rapidly cleared. This 
reaction cannot be clearly connected to the Polybrene, as the continued 
bleeding had necessitated the administration of considerable blood subjected 
to a 10-minute emergency erossmatcli. The postoperative course was without 
incident. 

Another case which warrants mention is that of a 20-year-old woman 
with an uncomplicated atrial septal defect (Case 4). She received 160 mg. of 
heparin prior to cardiopulmonary bypass, followed by 115 mg. of Polybrene 
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at decannulation Restoiation of a noimal coagulation mechanism was 
piompt and lasting Iloweiei, the patient de\ eloped a generalized erythema 
tous papnlax lasli and a minimal stndoi These complications wcie first 
noted 45 minutes aftei administration of Polyhrenc, when the diapes weie 
lemoied and the patient extubated It was thought that the studor was 
possibly due to total eoid tiauma at the time of lntuliation, oi to ding oi 
tiansfusion h action Because it was boheied that if this lcspnatoiy difficulty 
became noise on the waul the patient’s life might be eompiomised, a 
tiaclieostomi was peifoimed ulnle she lemained m the operating loom Shoitlv 
tlieieaftci, on occlusion of the tiaelieostomi tube, no stndoi was noted When 
the tube became dislodged aftei a foiecful cough that eiening, it was decided to 
lea\ o it out Again, the com alcseent pel iod n as unei entful 

The otliei patients lcquuing an additional amount of Polvhienc leceived 
it i\ltliout incident, with a input reieision to a noimal clotting time There 
liaie been no instances otliei than the lathei mconclusiie ones descubed ahoie 
of am loaetion associated with Polibrcne admmistiation In one instance, 
Case 46, that of a child found to ha\c an inopeiable congenital lesion upon 
digital exploi.ition of the heait, the antagonistic dose of Polybiene was given 
just 20 minutes aftei an cqimalent amount of hepaim The clotting time, as 
measuicd 15 minutes latei, was just 7 minutes As seen in Table I, the clot 
ting time, measuicd 15 minutes aftei Polybiene admmistiation, has been con¬ 
sistently below 15 minutes and, m 80 pei cent of cases, undei 10 minutes 

SUMMARY 

Piotammc i met sal of the anticoagulant effect of hcpnnn was used in ap 
pioximatcly the fiist half of 100 patients undeigomg open heait suigery at 
this institution In the last 47 patients, Polybiene has been utilized foi this 
purpose The superioutj of Polj brene seems unequii ocal 

The clotting time, mcasuied 15 minutes after Polybiene administration, 
was between 5 to 10 minutes in 80 pei cent of the patients, and consistently 
below 15 minutes in all patients without complicating factors Two patients 
deieloped a maculopapulai lash not eleailj related to Polybiene admimstia- 
tion Both responded icadily to intiaienous Benadiyl The ratio of 1 0 mg 
of Polybrenc to 1 0 mg of hopaiin has been most effective Onlj occasionally 
has additional Pol} brene been necessary to obtain the desned effect 

The mam adiantages of this drug ovci othois with similai action aie 
fivefold (1) stability, (2) its appaient moie rapid action, (3) the appaient 
greater maigm of safety between doses which lia\e a good antihepaun effect 
and doses which might e\eit a sineigistic anticoagulant effect, (4) the umfoim 
potencj of the piepaiation, and (5) the absence of scieie lnpotonsne reactions 

The combination of these attubutes and this expeuence indicate the laliie 
of Poll brene m open heart suigeiy, and wheneiei rapid complete leversal of 
the hepann effect is dasncd It is now loutinelj used m tins clinic foi tins 
purpose 
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EXPERIMENTAL STUDIES WITH EXTRACORPOREAL CIRCUITS 
AS A METHOD TO ENABLE SURGICAL ATTACK 
ON THORACIC ANEURYSMS 

W Geiald Austen, ill D ,* and Robeit S Shaw, M D ,** Boston, Mass 

S ince gross’s work with aortic coarctation 1 " a decade ago, surgeons hare 
been occupied devising reeonstiuctive suigical procedure? to deal vith dis 
eases of the tlioiacic aorta While the gcneious collateral circulation aiound a 
coaictation allows clamping of the aorta proximal and distal to the lesion and 
performance of suigeiy m a diy field without urgency the absence of collateral 
circulation about aneuijsms 01 acute lesions of the thoracic aoita poses two 
major pioblems which become mcieasingly significant the closer to the heart 
the aoita is clamped The fiist is the pioblem of ischemic injury to structuics 
supplied by the aorta, distal to the point ot occlusion The second is the effect 
of occlusion on proximal structures, that is, hypertension in the proximal aoita, 
left "ventricular strain, and embanassment of coionary flow if the occluding 
clamp is very close to the heart Bahnson 3 was able to sidestep these difficulties 
in certain thoracic aoitic aneurysms by peiforming leconstiuctive aneurjsmoi 
laphy with a lateral nonoccluding aortic clamp This method, however, will be 
effective onlj m truly saccular aneurjsms and, because of lack of aortic conti ol, 
may lead to difficulties wheic the aneurysm has cioded into adjacent structures 
Cooley and lus associates 1 have been able to resect and replace segments of 
aortic aich by the use of shunts sutuied to the ascending aorta, bypassing the 
lesion, but this limits access to ascending aoitic lesions They have also dealt 
with lesions of the proximal aorta bj use of the pump oxjgenatoi and total body 
perfusion 5 0 This complicates the procedure by the addition of a mechanical 
oxygenatoi although the patient’s own lungs remain potentrallj useful This 
group has exploited the patient’s lungs m lesions of the descending aoita bj 
pumping directly from the left auricle to the fcmoial artery, omitting the 
oxygenator, but has confined the use of this technique to bypass of the distal 
tlioiacic aorta 0 1 

The present animal study was undertaken to evaluate vaiious methods of 
shunting or pumping blood past isolated segments of tlioiacic aorta, considenng 
separatelj the descending aorta, the entire aortic aieli, and the ascending aoita 

From the Massachusetts General Hospital anl Hnranrd Medical School Boston Mass 

Recei\e<l for publication Mij 19 19 j9 

Supported bj US Public Health Grant H 633(CS) 

• Yssistant Resident In Surgerj Massachusetts General Hospital 
Me Ucal^Scl!o^ nt * n ® urffcrj Massachusetts General Hospital Associate In Surgerj Hnnard 


337 



BRACHIOCEPHALIC A 


338 


AUSTEN AND SHAW 


J. Thoracic and 
Cardiovas, Surg. 







\o! 39 No 3 
March I960 


SURGICAL ATTACK OK THORACIC AK EURYSMS 


339 


This lcquiies deteiminations of the late of shunt flow needed to peifusc strue 
Uucs distal to the point of obstruction and to decompiess the pioxnnal aoita 
without depriving it oi too much blood In each of the tliice aortic levels, 
the shunting method most simple and feasible foi human noth was sought 

1111X1100 

Mongiel dogs wcie anesthetized tilth Pentotlial (thiopental sodium) and 
piepared bv the admmistiation'of 1 5 mg hepann pei kilogram of body Height 
In all dogs, the duiation of aoitic occlusion and bypass was 90 minutes In 
suivnal expenments the dog was considered intact if, at the end of 1 week, 
the beliavioi and actmty of the dog tteie giossly normal, and if creatinine 
eleaianee and maximal osmotic conccntiating power of the kidneys weie com 
paiable to pieopeiatue tallies Mean artenal pressures tvcie dcteimined pioxi 
mal and distal to the point of aortic occlusion by citliei piessure transducer 
and lecordrag equipment, or simply by measuimg tvitli ail aneioid piessure 
gauge connected to the tcssel thiougli an ail column Shunt flotts tveie meas 
uied by passing the slnmted blood tluough a calibiated Sigmamotoi pump 
The lelations bettteen piessuie and flows in such experiments tterc gieatly 
affected by leflex alterations in vasomotor tone These changes tteie minimized 
bj cairnng the animals at deep let els of anesthesia Foi similai reasons, effort 
was made to maintain the dog’s blood volume at its initial level, ernng on the 
high side 

Fiee hemoglobin was determmed immediately after the runs by the spec 
trophotometnc method described by Huntei, Grove Rasmussen, and Souttcr* 

Descending Aoita Bypass — 

Foui shunting arrangements tterc tested (1) activch pumping fxom the 
left amide to the femoial arteiy tilth the application of suction to the left 
auricle, (2) giavitt flott from the loft auricle to a reseivoir, thence pumping 
to the femoral aiterj, (3) actively pumpmg from the subclavian aiteiv to 
femoial arteiy, with the application of suction to subclavian aitcry cathetei, 
and (4) simple subclavian aiterv-femoral artery shunt 

1 Left auricle to femoial aitcnj shunt with pump return from the left 
amicic This apparatus is shown in Fig 1 Oxygenated blood is actively 
pumped fiom the left auricle to the femoial aitcry bt applving suction to the 
left auncle with a Sigmamotoi pump An cmcigenet lcscrvon, attached bv a 
T connection to the inflow side of the pump and ordmaiily clamped off, is not 
essential, but is a convenient meins of lapid tiansfusions with donor blood or 
with blood iccoveied fiom the subject 

Fig 1 shows the effect of varying shunt flott late on mean aitenal pressuie, 
proximal and distal to the point of aortic occlusion It will be noted that these 
two piessiues aie equal and also appioximate the aoitic piessure liefoio oc 
elusion at a flotv of about 75 c c /Kg /min, which presumably defines unob¬ 
structed flow at this letel in the aorta Flotts less than this ideal aie allowable 
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and, in practice, would stress the system less and involve less pumping trauma 
to the blood. A flow of 30 c.c./Kg./min. may he a reasonable minimum, re¬ 
sulting in a proximal pressure rise of about 16 mm. Hg and distal drop of 55 
mm. Hg to a mean of 65 mm. Hg. At flow below this level, not only does the 
distal pressure drop to precariously low levels, but the proximal pressure rises 
to dangerously high values. At flows much in excess of 75 c.c./Kg./min. the 
demand of tlio pump exceeds the flow into the auricle, and the tubing on the 
inflow side of the pump collapses. Pour consecutive dog subjects were shunted 
for 90 minutes at the previously stated minimum flow rate of 30 c.c./Kg./min. 
Survival of the animals was attempted to evaluate adequacy of visceral per¬ 
fusion under these circumstances. All dogs survived and showed no evidence 
of injury at 1 week. Hemoglobin concentrations at the end of the 90-minute 
run in these dogs were approximately 35 mg. per cent. 

2. Left auricle to femoral artery shunt with gravity return from the left 
auricle: This apparatus is shown in Pig. 2. Here a collecting inflow reservoir 
is intrinsic in the apparatus. A greater priming volume is required, and flow 
rates are determined and limited by the size of tubing used and hydrostatic 
pressure head available in the syphon. Flows are thus determined by purely 
hydraulic considerations and can be predicted by reference to Pig. 9, which 
shows the relation of flow rate to inflow tubing size and pressure head. 'With 
the apparatus used, the maximum flows obtainable ranged from 60 to 70 c.c./ 
ICg./min. in the 6 dogs ran. Ninety-minute shuntings at the previously stated 
minimum flow of 30 c.c./Kg./min. were made in 6 dogs. Five dogs showed no 
evidence of injury at the end of 1 week. One dog died of hemothorax and 
massive atelectasis at the end of 4 hours. 

3. Simple subclavian artery to femoral artery shunt without pump return 
from the subclavian artery: The apparatus used is shown in Pig. 3. In 3 dogs, 
the subclavian catheter was allowed to bleed into a collecting reservoir in order 
that flows could he measured by means of the calibrated pump. These flows 
were below the previously defined minimum of 30 c.c./Kg./min. and could only 
have been lower had the simple subclavian artery to femoral artery shunt, 
which the apparatus was intended to simulate, been used. Two additional dogs 
were run using the simple shunt, and pressure levels were comparable. 

Of these 5 dogs, 4 survived, 1 dying of hemorrhage a few hours after the 
experiment. Of these 4 surviving dogs, 2 were in good condition at the end 
of 1 week and 2 showed evidence of renal injury. 

This limitation of flow is obviously due to the small caliber of the arterial 
catheters and the limited pressure available in the proximal aorta, and could be 
avoided by subclavian or aortic cannulation using larger tubing. However, the 
relative simplicity and ease of inserting small subclavian and femoral artery 
catheters make this a desirable shunting circuit past descending aortic lesions, 
if flows could he made adequate. 

4. Subclavian to femoral artery shunt with pump return from the sub¬ 
clavian artery: The arrangement shown in Pig. 4 was used in an effort to over¬ 
come the insufficient flows of the simple subclavian artery to femoral artery 
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Fig. 4 —Descending thoracic aortic hi /pass employing a subclavian to femoral artery shunt with pump return 
fiom the subclavian aitery. The subject's arterial pressure is complemented by a pump to provide a greater 
impetus to shunt flow. It is possible to obtain physiologic flows and essentially normal pressures, proximal and 
distal to the aortic occlusion, by this method. 
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shunt 13} the interposition of a pranp Five dogs vveie mn, 3, m ordei to ex- 
ploie possible flows, and tlie last 2 to test siuvnal with the 30 cc/Kg/min 
flow The effect of vanous flows on ptoximal and distal aoitic pressuie cone 
sponds with the data obtained £10111 the sinnlai stud) with left auiicle to 
femoial aitery shunt It is quite possible to obtain lugli flows in the dog in this 
manner Two surviving dogs showed no ill effects at 1 week 

Ai ch of Aorta Bypass — 

Two shunting anangements weie tested (1) active pumping fiom the 
loft auricle to the femoral aiteij and the brachiocephalic aitery with the ap 
plication of suction to the left auiielc, and (2) giavitj flow from the left 
auricle to a leservon, thence pumping to the femoial artery and biacliioccplialie 
artery 

1 Left auricle to femoral and biachiocephalic ait cries with pump return 
from left auricle This apparatus is shown 111 Fig 5 An additional pump is 
used in this system to supplj the biachiocephalic artery and thence both 
carotids and the right vertebial aiteiv A No 10 01 12 needle is used in the 
dog subjects to perfuse the biachiocephalic aiteij because this is laige enough 
for the flow requned but not so laige as to occlude completely tlie artciy at a 
time when the extiaeorporeal circuit is not m use Fig 5 shows the effect of 
varying flow rate on mean aitcnal pressure, proximal and distal (aorta and 
carotid) to the point of aoitic occlusion It will be noted that these tliico pies 
sures aio equal and also approximate the aoitic piessurc before occlusion at a 
flow of about 100 c c /ICg /mm (20 to 25 c c /Kg /min to the head and 70 to 
75 cc/Kg/mm to the lest of the subject) Once ogam flows less than this 
ideal aie allowable and probably desuable Sixtv cubic centimeters pel kilo 
gram per minute (15 c c /Kg /nun to the head and 45 c c /Kg /mm to the rest 
of the subject) may be a reasonable minimum, lesultmg m a pioximal piessme 
use of 26 mm Hg and a distal piessme drop in the caiotids and aoita of 40 
mm Hg to a piessurc of 70 111 m Hg At flows below this level not only did the 
distal picssurcs drop to pi eeariouslv low levels but the proximal aoitic pressuie 
lose to dangeiously high values, at flows below 40 cc/Kg/mm, evidence of 
left ventuculai stiam occurred, caidiac action became inegular, and cardiac 
anest 01 ventuculai fibrillation ensued within 5 minutes 111 almost every ease 
Even at 60 cc/Kg/mm , cardiac liregulantics sometimes occuiied m the initial 
penod aftci aortic occlusion, but these signs u.xunlh disappeaied within 10 
minutes, if tlie catheter was coucctlj positioned to obtain adequate outflow 
On occasion it was necessarj to place the cathetci thiougli the initial valve 
In all cases of proximal aoitic occlusion it was essential to make multiple vents 
in the catheter to avoid outflow obstruction At flows much m excess of 100 
c c /Kg /mm , the demand of the pump exceeded the flow into the auncle and 
the tubing on the inflow side of the pump would collapse Ninety minute shunt¬ 
ings at the pieviouxlv stated minimum flows of GO cc/Kg/mm were made 111 
2 dogs and suivivals wcic attempted 111 oidci to evaluate adeqmcv of this t}pe 
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7 xi ^^- 6 .—■Aortic arch bypass employing a left auricle to femoral and bt’ctchiocephaUc arteries shunt with gravity return from the 
left auricle. This system is similar to that shown in Fig. 5 except that oxygenated blood is syphoned rather than pumped from 
the left auncie. At moderate now rates it is possible to decompress the proximal aorta, adequately perfuse the distal visceral and 
cerebrum, and obtain a high rate of survival after 90-minute slum tings. 
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of perfusion under these circumstances. Both dogs showed no evidence of 
injury at the end of 1 week. Hemoglobin concentration in the plasma at the 
end of the 90-minute perfusions was approximately 70 mg. per cent. 

2. Left auricle lo femoral artery and brachiocephalic artery with gravity 
return from the left auricle: This apparatus is shown in Pig. G. With the ap¬ 
paratus used, the maximum flows obtainable ranged from 60 to 70 c.c./ICg./min. 
With gravity return when the ascending aorta is occluded, it is particularly 
important to have the catheter correctly positioned for adequate outflow; on 
occasion, cannulation of the mitral valve was necessary. Ninety-minute shunt¬ 
ings at the previously stated minimum flows of 60 c.e./Kg./min. were made 
in 4 dogs. Three dogs showed no evidence of injury at the end of 1 week. 
One dog died of hemothorax and massive atelectasis at 12 hours postopera- 
tively. 

Ascending Aortic Bypass .— 

Two shunting arrangements were tested: (1) active pumping from the 
left auricle to the femoral artery with application of suction to the left auricle, 
and (2) gravity flow from the left auricle to a reservoir, thence pumping to 
the femoral artery. 

1. The left auricle to femoral artery shunt until pump return from the 
left auricle: This apparatus is shown in Pig. 7. Once again the effect of vary¬ 
ing flow rate on mean arterial pressure proximal and distal to the point of 
aortic occlusion was studied. It will be noted in Pig. 7 that, at a flow of 100 
c.e./Kg./min., these two pressures were approximately equal and also approxi¬ 
mated the aortic pressure before occlusion. A flow of about 60 c.c./Kg./min., 
which may be a reasonable minimum, resulted in a mean proximal pressure rise 
of 30 mm. Hg and a distal pressure fall of 50 mm. Ilg, to a level of 70 mm. Hg. 
At flows below this level the distal pressure dropped to precariously low levels 
and the proximal pressure rose to dangerously high values. In all eases, at 
flows below 30 to 40 c.c./Kg./min. there was electrocardiographic evidence of 
severe left heart strain, and cardiac arrest or ventricular fibrillation almost 
always occurred within 5 minutes. At 60 c.c./Kg./min., transitory cardiac 
irregularities were again noted. At flows much in excess of 100 c.c./Kg./min. 
the demand of the pump exceeded the flow into the auricle and the tubing on 
the inflow side of the pump collapsed. Ninety-minute shuntings at the previ¬ 
ously stated minimum flow rate of 60 c.c./Kg./min. were made and survival was 
attempted in 3 dogs. Two of the 3 dogs survived and wore well at the end of 
1 week. One died of unknown cause at 24 hours. 

2. Left auricle to femoral artery with gravity return from the auricle: The 
apparatus is shown in Pig. 8. Actual flows obtainable by this system ranged 
from 60 to 70 c.c./Kg./min. in the 5 dogs run. Ninety-minute shuntings at 
the previously stated minimum flows of 60 c.c./Kg./min. were made and sur¬ 
vival of the animals was attempted. Four of the 5 dogs survived and showed 
no evidence of injury at the end of 1 week. One dog died 6 hours postopera- 
tivcly from massive atelectasis. 
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Fig 8— -Ascending thoiacic aortic bypass employing a left auricle to femoial artciy shunt with gravity leturn from the 
left aimcle ThU sj stem Is similar to that shown in Fip. 7 but syphons rather than pumps blood from the left auricle At 
moderate flow rates it is possible to decompress the proximal aorta adequately perfuse the distal viscera, and obtain a high rate 
of suni\ill after 90-minute shuntings E\en In the presence of cardiac arrest, passive flow of blood through the lungs provides 
suftlcicnt blood for adequate flows 
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In our investigation of the ascending aorta, an interesting phenomenon was 
noted. We could consistently clamp off the aorta up to approximately 2.5 cm. 
from the coronary ostia without any cardiac difficulty as long as appropriate 
flows were maintained, but occlusion closer than 2.5 cm. invariably caused 
cardiac arrest. Simultaneous pressure and electrocardiographic studies sug¬ 
gested that this phenomenon was due to myocardial ischemia. 

The elastic reservoir in such a shortened aortic segment is too small to 
store during systole and deliver during diastole a sufficient volume of coronary 
flow. Heart action could be maintained by introducing additional blood into 
this segment from the pump, unless the clamp was so close to the heart as to 
occlude the coronary arteries. Three dogs were studied with the proximal 
clamp less than 2.5 cm. from the coronary ostia. Cardiac arrest occurred 
within 5 minutes in each ease, but, in spite of arrest, after administration 
of transfusions to increase venous pressure, blood flow from the left 
auricle continued and was comparable in amount to that obtained without 
arrest. As shown in Fig. 8, these 3 dogs, which were perfused for 90 minutes 
at a flow of 60 c.c./Kg./min., had similar distal pressure studies as those ob¬ 
tained from the previous dogs which had normal cardiac action. Of course the 
proximal aortic pressure was low because of the absence of cardiac action. Two 
of these 3 dogs were readily resuscitated after the perfusion by removal of the 
clamp and defibrillation. One of the dogs was living and well at 1 week; the 
other died of a cardiac arrhythmia at 5 hours postoperativelv. We were unable 
to resuscitate the heart of the third dog. 

CASE REPORTS 

The following pertinent clinical cases are reported and considered in the 
light of this animal work. 

Case 1. —C. J. (M.6.H.—Unit No. 108C70) was a 60-year-old man wlio entered the 
hospital with a syphilitic thoracic aortic aneurysm, symptomatic for 10 years with recent 
onset of substernal pain radiating to the back. He had had a myocardial infarction G years 
prior to admission and had hypertension of 190/120 mm. Ilg, but his heart was of normal 
size without evidence of valvular disease. According to an angiocardiogram, the aneurysm 
lay in the upper descending aorta just beyond the left subclavian artery. 

At operation, the aneurysm was resected and replaced by an aortic homograft, using 
a left heart bypass from left auricle to femoral artery. Blood was taken via a gravity system 
from the left auricle through a tube, 0.8 cm. I.D., to a reservoir, thence pumped into the 
femoral artery through a No. 20 catheter. 

The aneurysm ruptured during the procedure while it was being freed up prior to 
control of the aorta. The resultant massive hemorrhage and cardiac arrest were controlled 
by starting the bypass system and clamping the aorta proximal and distal to the lesion. 
The heart was readily resuscitated with intermittent compression and replacement of blood 
loss through the reservoir. Resection and graft required a left heart bypass of 1 hour and 
20 minutes. During the first hour of bypass, the gravity return syphon was maintained at 
18 inches and gave a perfusion flow of 1,500 c.c./min. (20 c.c./Kg./min.) and a proximal 
aortic pressure 30 mm. Hg above normal. During the last 20 minutes of perfusion, the 
gravity return syphon was increased to 25 inches with a resultant rise in perfusion flow to 
2,250 c.c./min. (30 c.c./Kg./min.) and a resultant decrease in proximal pressure to onl) 
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14 mm Hg aboxc normal As can be seen, in Tig 9, for an. inflow tube, 0 8 cm ID, the 
aboic pressure differentials ind resultant flows could be predicted from our preuous in vitro 
d ita 

Postopcratmly, the pdiuit lud a moderately severe oliguria for 3 days, but was 
uentually discharged without cudencc of renal or neurological deficit and was well when 
last seen 9 months after operation 

Comment The lulling sue and onginal height ot siphon in this case lun 
ited shunt flow to maigmalh adequate let els, icsultmg in elevation of the 
pioumal aoitic piessiuc dining opeiation and tcmpoiarj postopeiatne lenal 
djsf unction 


FLOW-PRESSURE DIFFERENTIAL 
ACROSS VARIOUS SIZED OUTFLOW TUDINCS 



INSIDE DIAMETER OF TUBING (CM I 

Fig 9— Flou liressuie differential t elationship of various sized outflow catheters The 
amount of pressure differential acioss various sized outflow catheter* (12 inches in length) 
necessary to obtain a given flow is m\erscl> proportional to the square of the Inside diameter 
of the catheter 

It would have been dcsnablc to haxe cithci laigei tubing fiom the left 
auricle, oi, as was c\cntuaU\ done, a stiongci suction to piovide a laigei shunt 

The a\ail*ibility of resen on prime in the bypass s\ stem, and suction ap 
paiatus to ltturn. blood from the operatne field to the sastem iendily solved 
an othciwise nrctucvable situation with luptuie of the ancunsm 

Cvse 2—J F (MGH—Unit No 1002417), a 63 year old Inown hypertensue man 
with a preMous history of myocardial infarction, entered tlic hospital with acute pain in 
the inter*capnlar and substernal regions radiating down tlic left arm Thirty hours after 
admission a diagnosis of directing aneurysm was nude on tie basis of x ray findings and 
the sudden dciclopment of paraplegia 

At surgerv, fenestration of the aneurysm in the descending aorta was performed, using 
a simple shunt from the left subclavian to the femoral artery with No 18 catheters to 
b\pa*s the occluded segment of descending aorta The nort i was occluded for 40 minute* 
Distal arterial prepares were not measured but could bo expected to be low since the proximal 
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aortic pressure was not well decompressed by the shunt alone, and required administration 
of Arfonad during occlusion to keep it near pre-occlusion levels. There was severe oliguria 
for 4 days after operation (with good recovery of renal function and slight recovery from 
paraplegia at the time of discharge, CO days after operation). 

Comment: Tlie simplicity of a simple shunt argues in its favor, but again 
flows to the lower body were hardly adequate as evidenced by the postoperative 
depression of renal function. 

Because of the narrow caliber of the arterial catheters, required flows will 
be limited and the pressure differential between the two' systems will be high. 
The interposition of a pump in such a shunt will improve flow and lower proxi¬ 
mal arterial pressure as shown by the animal experiments. 

Case 3.—A. P. (M.G.H.—Unit No. 917634), a 64-ycar-old man, had had a known 
symptomatic syphilitic ascending aortic aneurysm for 2% years. During the week prior to 
admission there had been sudden increase in right anterior chest pain and an appreciable 
increase in the size of the aneurysm. lie was in mild congestive failure at the time of 
admission. 

At operation, the apparent recent increase in aneurysmal size was found to be due to 
rupture of the right lateral wall of the ascending aortic aneurysm. Open reconstructive 
aneurysmorrhaphy was performed, using a left heart bypass consisting of a two tube (O.S 
cm. I.D.), 25-mch syphon from the left auricle to a reservoir from which blood was pumped 
into the femoral artery through a No. 20 catheter. 

Twelve minutes were required for evacuation of thrombus from the aneurysm, mobiliza¬ 
tion of relatively healthy vessel wall, and the application of a long clamp to restore aortic 
continuity. During this period, the aorta was clamped about 1 cm. beyond the aortic valve 
land at the innominate artery, and cardiac action gradually weakened and finally ceased, 
'due to interference with coronary circulation by the proximal clamp. When aortic con¬ 
tinuity had been restored, the clamps w-ere removed and the left heart bypass was^ continued 
over the next 18 minutes, during which time strong cardiac action gradually returned. 

A flow rate of approximately 4,000 c.c./min. (GO c.e./Kg./inin.) with a resulting mean 
distal arterial pressure of from SO to 90 min. ITg was maintained during bypass, both before 
and during cardiac arrest. This is consistent with the experimental data shown in Eig- 9 
for two tubings, 0.8 cm. I.D., with a 25-inch pressure differential. Postoperative!}’, the pa¬ 
tient had a mild and transient oliguria for the first 24 hours without evidence of serious 
renal injury. His course was complicated by the development of auricular fibrillation and 
congestive failure. He also showed marked respiratory insufficiency attributable to the fact 
that both phrenic nerves had been cut during dissection of the aneurysm. He required the 
assistance of a respirator for 25 days. Thirty days after operation, the patient was am¬ 
bulatory, breathing well, and asymptomatic when he suddenly died. Autopsy showed sepsis 
at the aortic suture line with resultant rupture and exsanguination. 

Comment: The shunt flow of 60 c.c./Kg./min. past the obstructed ascend¬ 
ing aorta provided adequate body perfusion in this case. Besistance to flow in 
the syphon tubing because of its greater size was considerably less than in 
Case 1, thus permitting the greater flow. Placement of the proximal aortic 
clamp too close to the coronary ostia resulted in cardiac arrest, but passive flow 
of blood through the lungs was sufficient to maintain perfusion and provide 
aortic pressure sufficient to resuscitate the heart. 

Case 4.—C. H. (M.G.H.—Unit No. 1008693), a 50-year-old man known to be hyper¬ 
tensive, was admitted with a dissecting aneurysm of the thoracic aorta of 40 hours’ duration. 
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During the first few hours of hospitalization, he developed progressive^ severe symptoms of 
cardiac tamponade so an attempt to repair tlio primary tear in the ascending aorta Mas 
made At operation, 400 ce of blood was released from the pericardium and a left auricle 
to femoral arterj bypass w is «?et up, u*mg an inflow tube, 1 4 cm ID, with a 21 inch 
sjphon from the left auricle Blood was returned by a Sigmamotor pump tluough a No 20 
catheter m the fcmonl aitci} The aorta was clamped at the innominate arterj, 2 5 cm 
from the heart A shunt flow of 4,500 cc/min (70 cc/Ivg/nnn) was obtained which 
resulted m a mean distal arterial pressure of 100 mm Hg as compared with a mean pres 
sure before clamping of 150 mm Hg This flow is consistent with the experimental data 
shown in Tig 9 for a 1 4 cm ID tubing with 21 inch * 3 phon pressure differential 

During the first 10 minutes of perfusion, an attempt was made to identify and repair 
the primary tear This was ibandoned when the aorta tore free from the heart just bejond 
the coronary orifice* proximal to the controlling clamp "With no effective coronarj per 
fusion, cardiac action ceised Nevertheless bodv perfusion continued at the previous level 
employing the left auricle to femoral artery shunt While bleeding from the left ventricle 
was minimized bj pressure on the outflow tract, an aortic homograft was obtained and 
sutured end to end to replace the ascending aorta Following restoration of aortic con 
tinuity, the ventricle was observed to be fibnllnting and electrical dofibrillation was ac 
complishcd Tho left heart bypass was contmued in parallel with the patient’s own heart 
for about 5 minutes, following which time the shunt was discontinued and the patient was 
able to maintain a blood pressuro at 140/S0 mm Ilg A shunt flow of 70 cc/Ivg/min was 
maintained throughout the l 1 / hour bjpass the blood moving passivelj through the lungs 
during the 1 hour and 20 minutes of cardiac arrest 

Postoperative electrocnidiogram was unchanged from that observed preoperativcij 
Vital signs were well maintained and the patient had recovered consciousness when, about 
4 hours after operation in the recover} room there was a rush of blood from the left chest 
drainage tube and the patient died Autopsy permission was not obtained 

Comment The left heart bypass was adequate m this case lequiiing pio 
longed ascending aortic occlusion riows sufficient to maintain a satisfactory 
artenal picssure could ho obtained with a syphon of adequate calibci and 
height fiom the left auiiele Howcvei, a pump letuin system would liayc been 
simple! and would have a\oided the mcomcnicnce of a largo inflow tube and 
siphon gradient Eycn with cardiac arrest, this system maintained adequate 
peifusion flow and picssures 

discussion 

Left heart bypass offeis a relatively simple means of compensating for 
tlioiaeic aoitic occlusion Since no oxygenatoi is necessary, the lequncd tubing 
and fittings c m be sloied steule and assembled for pioinpt use m the opeiatmg 
100 m The appaiatus icquires less than 500 e c of blood 01 saline foi piiming, 
minimizes the pioblcm of an embolization, and a\oids the cuilent uncertainties 
ol a pump o\ygcnatoi in long perfusion With its lesenoir, this system gives 
an excellent safeguaid against massne hemonhage and enables immediate 
tiansfusion 01 autotiansfusion 

Tins type of bypass can be employed m any of the three tlioiaeic aieas— 
ascending aorta, aicli, 01 descending tlioiaeic aorta When correct shunt flows 
aie maintained, it is possible to perfuse distal structruos adequately and to 
ayoid pioximal hypertension and left heart strain Pioxnnal liypeitension 
and caidne atiliytliimas become a pioblem and spmil cold and lend damage 
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may occur wlien flows are too low. Unnecessarily high flows will only put an 
added burden on the pumping apparatus and increase blood element damage. 

For lesions involving only the descending thoracic aorta, either the left 
auricle or the subclavian artery is an equally good source of blood for shunting. 
The source most readily available in the operative field should be used. If the 
left auricle is used, either active pumping or gravity return from the left 
auricle can be employed. In order to obtain adequate flow with gravity, a large 
catheter must be used and an adequate syphon assured (Fig. 9). Pump suction 
allows the use of a smaller auricular catheter and eliminates concern about the 
height of the syphon. If the subclavian artery inflow system is employed it is 
almost mandatory to use a pumping system for long occlusions because a simple 
shunt with small easily insertable catheters is unable to transmit more than 
marginal flows. 

For shunts past lesions of the ascending aorta or aortic arch, the left 
auricle is the only logical source of inflow blood. Here again, either active 
pumping or gravity return can theoretically be employed, but the increased 
flow requirement emphasizes the advantages of the pump return (Fig. 9). The 
dangers of inadequate flow are most apparent in ascending aortic occlusion, 
where low flows will result in severe proximal hypertension, left heart strain, 
and cardiac difficulties. 

When occlusion occurs very close to the aortic valve, cardiac arrest may 
occur from insufficient coronary perfusion. This may result either from oc¬ 
clusion of the coronaiy ostia or as a result of there being inadequate systolic 
blood volume in the proximal aortic segment to fill the vessels during diastole. 
This difficulty was overcome here, as by Johnson, 9 by introducing blood from the 
pump into the proximal aortic segment." As shown in dog experiments 10 and 
demonstrated in Case 9, even where cardiac arrest has occurred, the pressure 
of peripheral venous blood, when elevated by transfusion, circulates sufficient 
blood through the lungs and the left auricle to allow adequate pump flows with 
resultant satisfactory distal perfusion flow and pressure for periods of time 
up to 1 hour. Such an arrangement imposes the temporal limitations of ischemic 
cardiac arrest, and prolonged procedures would require cardiac cooling or some 
method of coronary 7 perfusion. 

CONCLUSIONS 

1. Simple shunting around the occluded segment using a pump but not 
employing an oxygenator promises to be a feasible method of handling aneu¬ 
rysms in all areas of the thoracic aorta, (a) A simple circuit consisting of a 
pump from the auricle to the distal arterial tree with a reservoir attached to 
the intake line allows the most satisfactory control of flow rates and pressures, 
(b) In the case of the descending aorta, the subclavian artery 7 can be substi¬ 
tuted for the left aui’icle as a source of oxygenated blood, but adequate control 
of flow rate still requires a pump return system. 

2. By 7 simple regulations, the shunt flow' and pressure in all areas can be 
controlled. Normal pressures and flow's, both proximal and distal to the area 
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of occlusion, can be obtained but consideiably less than noimal piessuies and 
flows are acceptable and compatible with recoieiy In the dog, ideal and 
minimal acceptable flow lates at the vanous levels of aoitic obstruction aio 
shown in Table I 


Table I 


i 

IDEAL (C 0 /K C /MIN ) 

I MINIMAI ACCEPTABLE 

( (cc/kg/min) 

Descending aorta 

Aortic arcli 

75 

30 

Distal aorta 

70 to 75 

45 

Thoracocervical trunk 

20 to 25 

15 

Ascending aorta 

100 

60 


Survival studies cmplojmg minimal acceptable flow lates at these tluee 
levels aie shown in Table II 


Table II Survival Resdlts of 90 Minute Shuntings Abound Isolated Segments oi 
Thoracic Aopta 


ARFA | 

NO OP DOGS | 

SURVIVAI S 

| % SUIUIVALS 

Descending thoracic 

aorta 

17 

15 

88 

Aortic arch 

6 

5 

83 

Ascending thoracic 

aorta 

11 


64 


3 Even in the face of caidiae arrest, these shunting systems can, as a 
temporary expedient, piovide adequate flow and prcssuie during occlusion of 
the ascending aoi ta oi aortic arch 


sumi mi 

In dealing with aneurisms oi acute lesions of the thoracic aoita, it is 
necessaiy to shunt blood past any temporaulj occluded segment, ill oidei to 
peifuse the distal structuics as well as to avoid pioxnnal hypertension and left 
heart stiam 

Tcmpoian occlusion with bjpass of the ascending aorta, the aortic aieli, 
and the descending aorta were consideied scpaiately in these dog experiments 
Vanous shunting airangcments weic tued foi each lciel of occlusion and the 
method most applicable foi clinical use detei mined Foi each shunting ai 
langcment, measuiement of flow rates and then relationship to proximal and 
distal piessme was accomplished Optimal and mimmalli acceptable flow lates 
were determined bj piessure studies and hv animal suriival of 90 minute oc 
elusions of the tlioiacic aoita without cential nerious sjstem oi iisceial miun 
Pertinent clinical cases aie piescnted and discussed 

BEFrRrxcrs 

I Gross, R E, and Hufnagel, C A Coarctation of the Aorta Exnenmintal Studux 
n r iie E !l ™ n e Jts Surgical Correction, Non England J Med 233 287, 1945 
- Gro=x R E Coarctation of the Aorta- Surgical Treatment in One Hundred Cases 
Circul ition 1 41, 1950 ' 






356 


AUSTEN AND SHAW 


J. Thoracic and 
Cardiovas. Suii% 


3. Bahnson, II. T.: Definitive Treatment of Saccular Aneurysms of the Aorta With Ex¬ 

cision of Sac and Aortic Suture, Surg. Gyncc. & Obst. 96: 383, 1953. 

4. Cooley, D. A., Maliaffey, D. E., and De Bakey, M. E.: Total Excision of the Aortic 

Arch for Aneurysm, Surg. Gynec. & Obst. 101: GG7, 1955. 

5. Cooley, D. A., and De Bakey, M. E.: Resections of Entire Ascending Aorta for Fusi¬ 

form Aneurysms Using Temporary Cardiac Bypass, J. A. -M. A. 162: 1158, 1956. 

6. Cooley, D. A., De Bakey, M. E., and Morris, G. C., Jr.: Controlled Extracorporeal Cir¬ 

culation in Surgical Treatment of Aortic Aneurysms, Tr. Am. S. A. 75: 169, 1957. 

7. Cooley, D. A., Belmonte, B. A., De Bakey, M. E., and Latson, J. R.: Temporary Extra¬ 

corporeal Circulation in the Surgical Treatment of Cardiac and Aortic Disease, 
Report of 98 Cases, Ann. Surg. 145: 898, 1957. 

8. Hunter, F. T., Grove-Rasmussen, M., and Soutter, L. A.: Spectrophotometric Method for 

Quantitating Hemoglobin in Plasma or Serum, Am. .T. Clin. Path. 20: 429, 1950. 

9. Johnson, F. E.: Personal communication. 

10. Edmunds, L. II., Jr.: Unpublished data. 



REPAIR OF MITRAL INSUFFICIENCY DUE TO 
RUPTURED CHORDAE TENDINEAE 

Dwight C. McGoon, M.D., Rochester, Minn. 


T hat insufficiency of the mitral valve is correctable by open heart surgery 
has been amply demonstrated. The surgical technique has been based on 
the assumption that pure mitral insufficiency is the result of an absolute or 
relative deficiency of valve leaflet tissue in relation to the size of the mitral 
orifice. Thus, surgical correction has been accomplished either by narrowing 
the mitral annulus or by replacing deficient valvular tissue with immobile 
occluding prosthetic elements.’' 5 No different specific technique has been de¬ 
scribed for the correction of mitral insufficiency in the circumstance where it 
results from rupture of the chordae tendineae. The purpose of this communica¬ 
tion is to illustrate a technique for the repair of such lesions and point out 
that, in certain instances, reconstruction of a competent mitral valve can be 
accomplished without mitral annuloplasty and without the use of prosthetic 
materials. 

The chordae tendineae are crucially important to the normal function of 
the mitral valve, for they prevent eversion of its leaflets into the left atrium 
during ventricular systole.” Rupture of one or more chordae tendineae is 
occasionally the mechanism whereby mitral insufficiency results frqm rheumatic 
or bacterial endocarditis and also may result from external trauma. 7 

SURGICAL TECHNIQUE 

Access to the operative area is achieved by right anterolateral thoracotomy 
in the bed of the intact sixth rib. Extracorporeal circulation 8 is instituted 
after cannulation of the venae cavao via the right atrial appendage and of the 
right external iliac or common femoral artery. The left atrium is widely in¬ 
cised just posterior to the interatrial sulcus. A sucker is inserted into the heart 
and the large amount of central blood is withdrawn. Just enough blood is left 
in the heart to cover the mitral orifice. Cardiac asystole is not instituted, be¬ 
cause ventricular action is required so that the surgeon can assess the function 
of the valve and ascertain the area from which regurgitation originates. Thus, 
any systolic eversion of a portion of leaflet devoid of chordal attachment can 
be detected, as well as the regurgitant jet originating at the same area (Fig. 
1 , «). 

Prom the Section of Surgery. CHnlc and Mayo Foundation, Rochester, Minn. 

The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
university of Minnesota. 
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After an estimate has been made of the length of the flailing segment the 
intracardiac sucker is passed well into the left ventricle and enough blood is 
withdrawn so that the mitral valve is clearly visible. The severed chorda and 
adjacent margin of the leaflet are grasped with forceps. A 3-0 silk suture is 
passed through the margin at one end of this untethered segment of leaflet, 
and the same suture is passed through the margin of the leaflet at the opposite 
end of this segment (Fig. 1 , b). The two ends of this suture are then tied 
down over the redundant intervening leaflet tissue and the ruptuicd cioi a 



Fig. 1.— Technique of mitral valvuloplasty for repair of a ruptured chorda^tendlnea^ ' 

The exposure of the mitral valve, illustrating a ruptured chord Rupture of a chon! 

of sutures to pleat the untethered segment c. Valvuloplasty completed. d^ Kupv Bj 

tendinea causes a corresponding segment of valve leaflet to ho untetlierea oi margin 

shortening the flail segment, the remaining intact chordae can prevent eversion or 
of the entire leaflet during ventricular systole. 


to make a pleat in the redundant segment (Fig. 1, c). This segment is■ 
shortened, with the result that the remaining intact chordae hold 
leaflet taut during ventricular systole and eliminate overshooting anc t0 
petence (Fig. 1, d and e). Several further interrupted sutures are 1 ^ 

secure the pleat between the free margin of the leaflet and its base, 
leaflets have been found to he slightly thickened and leathery, an . 1 
the sutures should hold securely. 
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When the leaflet has been sutured, the suckci is lemoved tiom the left 
v enti lcle and the blood lei el permitted to rise to and above the initial valve 
Then function of the valve is le evaluated When satisfactorj competence of 
the valve is established, the left atiium and ventricle aie allowed to refill with 
blood as the atnotomv is being lepaired Thus all an is expelled iiom the 
heart Extracorporeal cneolation is then teinnnatcd 

CASE REPORTS 

Case 1—A 53 \car old white laborer had had rheumatic fever as a child and had 
known of a heart murmur for many years, but significant disability had begun only 6 
months before he consulted the Mayo Clime concerning this difficulty Sharp, shooting, 
precordial pain lud developed suddenly ind was followed by rapid heart action, breathless 
ness on mild exertion, and orthopnea He had not worl ed smeo that tunc 


BEFORE CORRECTION AFTER CORRECTION 



Fip 2—(Case 1 ) Left atrial pressure duiInf? operation before and after correction of 
mitral insufficiency Only mitral valvuloplasty for the correction of a ruptured chorda tendinea 
was requued to achieve this striking: correction of mitral insufficiency 


On examu ntion the classic signs of severe mitral insufficiency were noted The svs 
tolic murmur was well tiansnntted to the base of the heart, the axilla and the bad There 
wns no evidence of calcification of the valve 

A diagnosis of severe isolated mitral insufficiency was made, probably on the basis 
of a ruptured chorda tendinea of the posterior mitral leaflet Open repair of the valve 
was earned out on Oct 11, 1958, by the technique described The only valvular abnormality 
encountered was a ruptured eliorda tendmea of the posterior or mural valve leaflet, and 
this lesion alone required repair No further procedures were carried out on the valve or 
valvular ring 

The postoperative recovery was satisfactory, and the patient was dismissed from the 
hospital on the ninth postoperative day 

A soft, Grade 2, systolic murmur, localized to the cardi ic apex and unassociatcd with 
a thrill, was noted at each postoperativo examination Since dismissal, tbc patient has been 
working steadily and is unaware of any physical limitations except on severo exercise 

The peak pressure in the left atrium was found at operation to be approximated 85 
mm Hg before repair, but it fell to approximately 14 mm Hg after repair (Fig 2) 

Case 2 A 27 year old farmer had had scarlet fever as a boy, followed by a heart 
murmur and repeated bouts of rheumatic fever At age 23, b icterial endocarditis developed, 
and hemolvtic streptococci were cultured from the blood Later, an embolic occlusion of 
the right external iliac artery occurred but caused no significant disability Six months 
before he registered at tie clinic, breathlessness on moderate exertion had developed and 
paroxysmal nocturnal dyspnea had appeared 
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Examination revealed the classic signs of severe mitral insufficiency, and the systolic 
murmur was well transmitted to the base of the heart and to the back. There was no evi¬ 
dence of valvular calcification. At cardiac catheterization a few days before operation, the 
pulmonary-artery wedge pressure (, Fig. 3) was elevated. This is characteristic of pre¬ 
dominant mitral insufficiency. Indicator-dilution curves demonstrated considerable pro¬ 
longation of the disappearance slope, a finding that also is consistent with a diagnosis of 
mitral insufficiency (Fig. 3). 10 

A clinical diagnosis was made of mitral insufficiency, due either to a ruptured chorda 
tendinea or to perforation of a valve leaflet. Repair of the mitral insufficiency was carried 
out on Jan. 14, 1959. 


5 DAYS PREOPERATIVE 12 DAYS POSTOPERATIVE 



40 

PULMONARY ARTERY b 
WEDGE ( mm. Hg) 20 


- iMMAMAm 

L 201— 

RIGHT ATRIUM "A/A 
(mm. Hg ) ® 

ECG Jw— a —i - f -UJ- ! -- 

Base Line - 1 - 


/sec. 

Z£cm. 


0 L ZOr- 1 


SUPERIOI 
VENA 



Fig. 3—-(Case 2.) Finilin-rs at cardiac catheterization before and after operation. The 
patient weighed 81 kilograms. Bacterial endocarditis had resulted in rupture of a chorda ol 
the anterior mitral leaflet and a cleft in the posterior leaflet. Repair of the leaflets themselves 
was all that was required to correct mitral insufficiency. 


Operation disclosed that previous bacterial endocarditis had resulted in rupture of a 
chorda which should normally have been attached to the lateral end of the anterior or aortic 
leaflet of the mitral valve. A small nodule of calcium on the free margin of the leaflet 
marked the site of the previous attachment of that chorda. The overshooting of this seg¬ 
ment of leaflet was eliminated by the technique described. Exactly opposite this lesion was 
a wedge-shaped erosion or cleft in the posterior leaflet, and this was repaired by approxi¬ 
mating the margins of the cleft with several interrupted sutures of 3-0 silk. When the 
repair was tested, some distortion of the leaflets was noted which caused gaping and in¬ 
competence at the medial commissure. Two sutures were placed in the margins of the 
adjacent leaflets to achieve partial fusion of this commissure. No further regurgitation 
through the valve was apparent after this procedure. No sutures were placed in the initial 
annulus, and no prosthesis was employed. 

Postoperative recovery was uneventful, and the patient was dismissed on the twelfth 
postoperative day. After operation, a Grade 1 to 2 systolic murmur which was well localized 
to the apex was present. The heart was quiet, and the patient has remained free of sig¬ 
nificant cardiac disability. 
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A peal pressure m the left atrium of 45 to 50 mm Up v, as demonstrated at operation 
before repair, and this Mas reduced to 16 mm Hg after repair Postoperative cardiac 
catheterization on the eleventh postoperatue day rciealcd a pulmonary artery uodge pres 
sure of 11 mm Hg, with a mean pressure of 7 mm Hg Indicator dilution curves following 
repair were Mitlun normal limits (Fig 3) 


COMMENT 

Mitial annul oplasty and leaflet substitution by an immobile piostliesis hate 
been employ ed singly and m combination by those performing open heart sur 
geiy foi mitial insufficiency 10 This lias been tine even if one oi moie nip 
tured choidae tendineae bate been identified as the basic cause of mitial msuf 
fieiency Neithei of these pioeedures seems as anatomically oi functionally 
ideal as does i eeonstruction of the leaflet proper The e\penence repoited here 
demonstiates that, at least in ceitain instances, lepan of the leaflets alone is 
sufficient to restoie valve competence 

It must be stiessed, tlieiefoie, that tlie vahe leaflets should be caiefnlly 
obseived at the time of operation in the hope that collection of leaflet deformity 
and function might be accomplished in piefeience to mitial anmiloplasty and 
replacement of tlie lalve leaflet When a mptuied chorda tendinea is identi 
fled as a cause foi initial insufficiency, the technique dcsenhed foi the lepair 
of tins defect should he carried out initially That initial insufficiency begets 
further mitral insufficiency seems clearly established 1, and is due to the fact 
that piogiessivc dilatation of tlie mitral annulus may accompany the left veil 
tncular dilatation yylncli results fiom initial incompetence Tlieiefoie, nl 
though it yyas not necessary to combine lepan of the leaflet with othei types 
of proceduies foi coirection of mitral insufficiency in tlie 2 cases piesented, it 
seems reasonable to believe that mitial aniluloplasty m combination with mitial 
valvuloplasty may he ndiantageous in certain instances 

The left atnal piessure tiacmg befoic and after valvuloplasty (see Fig 2) 
strikingly illustrates tlie fact that function of tlie valve can he restored by le 
construction of the leaflet alone The peak piessure of 85 mm Hg in tlie left 
atrium lecorded m Fig 2 is believed to ho tlie highest left atnal piessure re 
ported and is m sliaip contiast to the noimal appearance of tlie tiacmg after 
v alvuloplastv 

The 2 patients whose cases aie icpoitod have not been followed foi a suf¬ 
ficient time to permit evaluation of the long tcim lesult of mitial valvuloplasty 
oi to answei tlie question defimtnelv as to whetliei these sutured leaflets will 
heal seciuely The critical pcnod foi possible dehiscence of these lepairs prol) 
ably lias passed, howevei 

SUMMAR1 

The data piesented indicate that initial insufficiency can he collected in 
certain instances by' lepair of the leaflets of the yal\e lather than by mitral 
annuloplasty oi lcplacement of a leaflet with a prosthesis When initial msuf 
fieiency is due to rupture of one oi more chordae tendineae, it may he repaired 
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by a technique which eliminates the overshooting of the untetliered segment of 
leaflet. This procedure should be carried out as the first step in the correction 
of tills type of mitral insufficiency. The leaflets of the mitral valve must be 
carefully scrutinized at the time of operation to determine whether or not re¬ 
construction of the leaflet is possible. When it is, this is believed to be prefer¬ 
able to either mitral annuloplasty or replacement of the leaflet by an immobile 
prosthesis. In certain instances, it is likely that reconstruction of a leaflet and 
mitral annuloplasty may be beneficially combined. 

The 2 patients for whom mitral valvuloplasty alone has been employed for 
the correction of mitral insufficiency have obtained excellent early results. 


ADDENDUM 

Kecent examination 8 months after operation in Case 1 and a progress report from 
the other patient indicate maintenance of the initial benefit. In Case .1, the roentgeno¬ 
grams made on the return visit showed striking regression in size of the heart to normal 
and absence of pulmonary vascular congestion. Both patients continue with full employ¬ 
ment. 
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THE POSTMORTEM EXTERNAL APPEARANCE OF 
CONGENITALLY MALEORMED HEARTS AS AN 
AID TO SURGICAL DIAGNOSIS 

Albeit H Wilkinson, ]i , M D, Willis ] Potts, M D , 
and Mam tee Lev, M D, Chicago, 111 


L ess than two decades ago, the accuiate diagnosis of congenital caidiac de 
j fects was seldom achieved By utilizing information obtained from electro 
caidiography, angioeardiogiaphy, and cardiac cathetenzation studies, an exact 
clinical diagnosis can now often he tendered and a program for suigical cor¬ 
rection planned Despite these facilities available foi prcopeiatne evaluation 
of the patient with congenital caidiac disease the smgeon is occasionally con 
fronted at the opeiating table until an unsuspected anatomic condition of the 
heart, or one which defies an in situ diagnosis Since this problem usually pie 
eludes effective surgical action, v\e decided to undertake a study of the heart 
designed to discover whether or not certain external features of the anatom} 
at autopsy can be 1 elated to specific defects 

By its very nature, a stud} based on the postmortem hcait imposes certain 
limitations The external anatom} of the fixed heart is not identical with that 
of the ftesli lieait Likewise, the external anatomy of the heart ns seen outside 
the body is not absolutely identical with that inside the body And, of comse, 
the external anatomy of the postmortem heart in situ is not identical with that 
seen at surger} In spite of these limitations, this woik was undertaken and we 
believe jieldcd some infoimation useful to the suigeon 


MATFRIALS AND METHODS 


The autopsy material which provided the basis foi this study was taken 
fiom the Pathology Department at The Childicn’s Memonal Hospital and from 
the Congenital lieai t Disease Reseaich and Training Centei of the Hektoen 
Institute Two bundled and mnet} six hearts weie selected foi evaluation 
Man} additional hearts weie lcvicwcd, but because of shapes distorted by 
fixation and pievious stud} they were not used m this woik It must be emplia 
sued that onlv children’s hearts were studied lieic 

The teiminolog} used is adapted from the classification of congenitally 
malformed hearts previously presented by one of us (M L ) 1 2 Terms used in 


From the Departments of Surcerj and Pathology of The Childrens Memorial Hospital 
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referring to borders, diameters, and certain other external parts of the heart 
are presented in Fig. 1.. 

Twenty-two complexes of congenital cardiac disease seen in Table I were 
studied. Several entities contained in the over-all classification were not con¬ 
sidered for this study either because sufficient material was not available, or 
the condition is one which, at present, is not a diagnostic problem to the cardiac 
surgeon in the operating room. These are patent ductus arteriosus, vascular 
rings, adult-type coarctation of the aorta, aortic septal defect, complete trans¬ 
position with cor biatriatum triloculare, mixed levocardia, dextrocardia, isolated 
congenital mitral stenosis, and Ebstein’s complex. 



Fig-. 1.—Diagrammatic sketch of the normal heart as seen from the anterior view, in¬ 
dicating various landmarks discussed in the text. jSTote (1) the broad and transverse diame¬ 
ters, (2) the right basal border of the right ventricle, (3) the conus of the right ventricle, 
and (4) the atrioventricular groove. 

Each category of cardiac disease was studied separately. Five external 
features were chosen as criteria to he evaluated in each heart throughout all of 
the categories; namely, (1) the over-all shape or outline of the heart as seen 
anteriorly, (2) the position of the anterior descending coronary artery and its 
relationship to the formation of the apex of the heart, (3) the size and position 
of the arterial trunks at the base, (4) the shape of the right basal border of the 
right ventricle, and (5) the visibility of the left atrial appendage as seen an¬ 
teriorly. These parts of the external anatomy of the heart are seen in their 
usual positions in the drawing of the normal heart in situ (Fig. 1). 

In a few instances it has been possible to view the exposed heart at the 
beginning of an autopsy and to evaluate it externally. Such an evaluation has 
been especially helpful in the study since the distortions of the formalin-fixed 
specimen are absent. 

OBSERVATIONS 

The observations made in this study are embodied in the accompanying 
table. It can be noted that the over-all external features of some complexes aid 
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gieatly m thou diagnosis, xxliile those ot otlieis ,ue less helpful Tliose m which 
they aid gieatly .uc tetialogy of Fallot (Fig 2), tricuspid ntiesia (Fig 3), 
truncns communis (Fig 4), fetal coaictation (Fig 5), hypoplasia of the aoitic 
tiact complex (Tig 5), and total anomalous pulmonary xenons drainage 
(Fig 6) 

Tetralogy oj Fallot (Fig 2) —In the vast majority of instances m oui 
senes, the shape of the lieait is eitliei fianklj boot shaped, oi tlieie is at least 
a blunting of the ape\, gi\ mg it a snub nosed appeal ance The lattei is ob 
tamed because the ape\ is foinicd bj both the light and left xentncles, but, 
mainly, bj the light The .mtenoi descending coronary aitciy fonns a shallow 
S shaped curie The aoita is laigei than tlie pulmonary aiteij and maj oi 
may not appeal dextiaposed In some, the light basal boidei of the right 
ventricle is eoncai e in its uppei poi tion 

Tuciispid Aticsui Without Ti ansposition With Deci cased Pulmonary Flow 
(Tig 3) —The heart is, in most cases in our senes, apple shaped The apex is 
foimed completely by the left icntricle mth the antenor descending coionaiy 
aitery pushed fai oiei to the light The aoita is laigei than the pulmonaiy 
arteiv, in most eases the diffeience in size being \eiy maihed The light atno 
ventnculai giocxc usuallj is maikedlx accentuated, and theic is a large bulging 
light atnal appendage 

Trillions Artenosus Communis Peisistcns (Tig 4) —The hearts m our col 
lection aie distinctly egg shaped mth a maihed uicieaso in the tiansxorso di 
ameter The anterior descending coionaiy aitery onginates moie in the centci 
of the base latlioi than on its left side, and as it descends to the apex, it is ap 
paient that both ventucles help form the apex, the left peihaps moie than the 
light There is, ot course, a single trunk emanating from the heart with no 
accessoiy band oil its side 

Petal Coaictation, Hypoplasia of the Aoitic Tract Complex, and Total 
Anomalous Pulmonary Venous Drainage —These hearts can be consideied as a 
gioup because of then similai external appeaiance The most lmpoitant featuic 
here is the maihed displacement of tlie antenoi descending coionaiy arteiy to 
the left and postenorly so that it is baiely seen anterioily, oi it is not seen at 
all (Figs 5 and G) Thus, the apex is formed exclusively by the right ventricle 
Theie is an mcioase in the bioad diamctei because the complete antenoi aspect 
of the heart is occupied In the light xentncle The pplmonaiy aitery is laigei 
than the aoita This featuie is most maihed in hypoplasia of the aoitic tiact 
complex (Fig 5) Other external featuies also sene to distinguish between 
these complexes In fetal coarctation* and hypoplasia of the aoitic tiact com 
plex (Fig 5), the antenoi descending coionaiy aiteiv is usually still seen 
antenoily This is not true of total anomalous pulmonan xenons diainage 
(Fig 6) The laige right atnuin and the incicasc in tiansxersc diamctei present 
in total anomalous pulinoinrj xenons drainage fuither aid in distinguishing it 

♦The complex fetal coarctation is considered here in it? pure form This catepoo does 
not include the transitional form of fetal coarctation in ^hlch the left \entricle is of con 
sidcrable size 
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Fitr 2.—Diagrammatic sketch of tetralogy of Fallot as seen from the anterior view. Note 
(11 apex formed mainly by the right ventricle, (2) S-shaped anterior descending coronary 
arterv (3) concave right basal border. (4) snub-nosed apex, (5) small pulmonary trunk. 
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Fie. 3.—Diagrammatic sketch of tm-uspid atresia withorl iian 1 tw.ltion '.vitli decreased 
pulmonary flow as seen from the ant imr view. Note (X) .»ii - ,i“-l (2) anterior 

descending coronary artery displaced far to the right, (3) loiaily toy the iett 

ventricle, (4) deep atrioventricular amove, (5) large, bulging right atrium, (G) small pul¬ 
monary trunk. 
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^iFxA" r .„? 1 ?;?r^I Tlr ?oV c . s ^ etcl i °f common truneys as seen from the anterior view. Note 
shaped heart, (2) single trunk, (3) anterior descending coronary artery commencing 
pore toward the center of the base of the heart. b 
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from tlie other complexes. In addition, the left atrial appendage is always seen 
anteriorly in hypoplasia of the aortic tract complex, whereas it is not seen in 
total anomalous pulmonary venous drainage. 



Fig?. 5 —Diagrammatic sketch of fetal coarctation as seen from the anterior view Note 
(1) anterior descending- coronary arterj displaced far to the left (2) apex formed by the 
right ventricle, (3) ascending aorta small, but larger than the coarctated area, (4) marked 
increase in broad diameter. 



'.etch of total anomalous pulmonary venous drainage into the 
• \ena cava as seen fiom the anterior view. Note (1) anterior 
■ ■ ' >t seen anteriorly, (2) very large right \entriclc forming the 

» ■ both broad and transverse diameters (4) large, bulging right 

atrium, (5) large superior vena cava (6) pulmonary trunk larger than the aorta 


DIFFERENTIATING FEATURES ACCORDING TO ISOLATED CRITERIA 

As mentioned above, five criteria were evaluated in this work. Our findings 
pertinent to these ei iteria will now' bo considered. 

1. Anterior Descending Coronary Artcnj nn d Formation of the Apex .-— 

If one uses this criterion in helping to evaluate tiic type of congenital heart 
disease, then the hearts in this scries fall into five types: (a) Conditions in 
which the anterior descending artery is mo\ed considerably to the tight with the 
apex formed by the left ventricle (b) Conditions in which the anterior de¬ 
scending artery is moved slightly to tiic right or is in normal position with the 
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Table T. Types of Pathologic Complexes Studied 


PATHOLOGIC COMPLEX 
1 Tetralogy of Fallot 
' (Fig. 2) 


C 

o 

LOCATION OE ANTERIOR 



HEARTS 

DESCENDING CORONARY 



STUDIED 

ARTERY 

AI'EX FORMATION 

SHAPE OK HEART 


4G Displaced to left, often Mainly by RV and Roughly triangular 
S-shaped septum with LV or boot-shaped 

contributing to less heart; apex snub 
extent nosed 


2 Partial transposition 
w ith pulmonary ste¬ 
nosis or atresia 

(pseudotruncus) 

(Fig. 13) 

3 Taussig-Bing eom- 

' plcx with pulmonary 
trunk mainly from 
right ventricle 

(Fig. 11) 


4 Taussig-Bing com¬ 
plex with pulmonary 
trunk mainly from 
left ventricle 

5. Complete transposi¬ 
tion with normal 
architecture and 

' ’ without ventricular 
•septal defect 

A 

' Complete trans 

" position with nor¬ 
mal architecture 
and with ventricu¬ 
lar septal defect 
(Fig. 8) 

7. Complete transposi¬ 
tion with'single ven¬ 
tricle and small out¬ 
let chamber (Fig. 
15) 

8. Complete transposi¬ 
tion with ventricular 
septal defect and. 
pulmonary stenosis 

9. Truncus arteriosus 
communis persistens 
(common truncus) 
(Fig. 4) 

10. Tricuspid atresia 
without transposi¬ 
tion with decreased 
pulmonary flow 
(Fig. 3) 

11. Tricuspid stenosis 
with pulmonary 
stenosis or atresia 


13 Displaced to left, more Equally by both veil- Increnso in broad 
in atresia than in tricles in stenosis; diameter 

stenosis in atresia RV 

mainly forms apex 


5 In normal position 


Totally by LV Not remarkable 


12 


24 


In normal position 


In normal position or 
slightly to left 


Totally by LV in Not remarkable 
some, and in others, 

RV contributes but 
LV predominates 

Usually equally by Not remarkable 
both vents; occa¬ 
sionally RV or LV 
may predominate 


15 


In normal position or Mainly by LV; ocea- Not remarkablo 
slightly to left sionally both ven¬ 

tricles contribute 
equally 


3 None identifiable 


Single ventricle Not remarkable 


5 Displaced slightly to 
right 


Totally by LV; oc- Not remarkable 
casionally RV con¬ 
tributes partially 


4 


20 


Commences more in cen¬ 
ter of base than on 
left side 


Both ventricles con¬ 
tribute equally or 
LV slightly more 
than RV 


Displaced far to right Totally by LV 
on anterior wall 


All hearts egg sha] 
with marked in¬ 
crease in transvc 
diameter 

Apple shaped 


12 Displaced far to right Usually totally by Not remarks) o 
on anterior wall LV; occasionally 

RV contributes to 
less extent 
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NATOMIC PACTS EVALUATED AND FINDINGS 


1 

PULMONARY TRUNK AND 1 

AORTA AT BASE OP HEART 

! 

RIGHT BASAL BORDER ! 
OP RIGHT VENTRICLE | 

LEFT AURICLE 

REMARKS 

Lorta larger than PA; nor¬ 
mal relative positions, or 
aorta anterior, and to right 

Often concave 

May or may not be 
seen anteriorly 

Shape is not an index 
of pulmonary stenos: 
or atresia 

torta larger than PA; nor¬ 
mal positions, or aorta 
anteriorly and to right 

Not characteristic 

Usually seen 


Vessels side by side with 
aorta right and PA left, 
or aorta right and an¬ 
teriorly and PA left and 
posteriorly; PA larger 
than aorta 

Not characteristic 

Usually seen 


\s above, or directly an¬ 
terior-posterior 

Not characteristic 

Seen in all hearts; dis¬ 
placed right atrial 
appendage in one case 


Aorta anteriorly and to 
right; PA posteriorly and 
to left; PA usually larger 
than aorta 

Not characteristic 

Usually seen 


Aorta anteriorly and to 
right; PA posteriorly and 
to left; PA usually larger 
than aorta 

Not characteristic 

Seen in all hearts 


Aorta anteriorly and slightly 
to left; PA posteriorly ami 
slightly to right, or vessels 
anterior-posterior 

• Not characteristic 

May or may not be scon 

i 


PA and aorta in posterior- 
anterior position; aorta 
larger than PA 

Not characteristic 

May or may not be seen 


Single trunk 

Not characteristic 

Usually seen 


Aorta larger than PA; PA 
very small; normal rela¬ 
tive positions 

Not characteristic 

Usually scon anteriorly 

Right atrioventricular 
groove usually deep¬ 
ened; right atrial ap 
pendage large and 
bulging 

Aorta larger than PA; nor¬ 
mal relative positions 

Not characteristic 

Usually seen anteriorly 

Atrioventricular groove 
not deepened; pul¬ 
monary trunk may bi 
relatively large a’s 
compared to atresia 


(Table I continued 

on next page) 
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Table 


PATHOLOGIC COMPLEX 

NO. OF 

HEARTS 

STUDIED 

LOCATION OF ANTERIOR 
DESCENDING CORONARY 
ARTERY 

Al'EX FORMATION 

SHARE OK HEART 

!. Left coronary artery 
from the pulmonary 
trunk 

-t 

Slightly displaced to 
right" 

Totally by LV 

Not remarkable 

!. Isolated atrial septal 
defect—secundum 

type (Fig. 12) 

12 

Displaced to left 

Doth ■ ventricles eon- 
- tribute equally in 
young hearts; in 
older hearts, mainly 
by' RV or totally 
by RV 

Prominent anterior 
bulge of conus 

1. Isolated atrial septal 
defect—primum type 

6 

Displaced to left 

Both ventricles con¬ 
tribute equally, or 
mainly by' RV 

About equal incrcasi 
in both broad and 
transverse diame¬ 
ters, bulging conn 

i. Isolated ventricular 
septal defect (Fig. 

9) 

37 

Deviated slightly to 
right or left depend¬ 
ing on dominant ven¬ 
tricle 

Usually totally by 

LV; occasionally 
equally by both 
ventricles and in¬ 
frequently mainlv 
by RV 

Conus bulge with 
increase in broad 
diameter 

3. Hypoplasia of the 
aortic tract complex 

i 

6 

Displaced far to left 
and posteriorly, barelv 
seen anteriorly 

Totally by RV 

Triangular-shaped 
heart with marked 
increase in broad 
diameter 

® Fetal coarctation 
(Fig. 5) 

21 

Far to left 

Totally by RV 

Triangular-slmpcd 
heart with marked 
increase in broad 
diameter 

3. Total anomalous 
pulmonary venous 
drainage (Fig. 6; 

9 

Displaced far to left 
and posteriorly, not 
seen anteriorly 

Totally by RV 

Marked increase in 
broad and trans¬ 
verse diameters, 
with conus bulge, 
anteriorly and su¬ 
periorly 

). Common atrioven¬ 
tricular orifice 
(canal) (Fig. 10) 

11 

Displaced slightly to 
left, or in normal po¬ 
sition 

Totally or almost 
totally by LV 

Triangular-shaped 
heart with increase 
in both broad and 
transverse diame¬ 
ters 

). Pure pulmonary 
stenosis (Fig. 14) 

12 

Displaced to left and 
is barely seen 

Mainly by RV but 

LV also contrib¬ 
utes ; occasionally 
RV and LV con¬ 
tribute equally 

Both broad and 
transverse diame¬ 
ters increased, but 
more in transverse 

L. Aortic and subaortic 
stenosis (Fig, 7) 

5 

Displaced far to right 

Totally by LV 

Hypertensive shaped 
heart 

!. Idiopathic hyper¬ 
trophy with fibro¬ 
elastosis 

12 

Displaced slightly to 
right 

Usually totally by 

LV; occasionally 

RV contributes 
slightly 

Heart roughly F ar 
shaped 
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(Cont’d) 


PULMONARY TRUNK AND RIGHT BASAL BORDER 

AORTA AT BASE OP HEART OF RIGHT VENTRICLE _ LEFT AURICLE 

Normal relative positions Not characteristic Not seen 

PA larger than aorta, nor Not characteristic May or may not be seen 

mal relative positions 



PA larger than aorta; nor Not characteristic 
mal relative positions 


PA larger than aorta, nor Rarely concave 
mal relative positions 


PA much larger than aorta, Not characteristic 
normal relative positions 


PA larger than aorta, nor* Not characteristic 
mal relative*positions 


PA much larger than aorta Not characteristic 


May or may not be seen 


May or may not be seen Apex main I j bj KV 
anteriorly when defect m po® 

tenor or apical pa 
of ventricular sept 


Seen in all hearts Right ventricle mah 

up nearly all of tli 
heart 


Usually seen Disparity between j 

monary trunk ami 
aorta; less than lr 
hypoplasia of aort 
tract complex 

Not seen 


PA larger than aorta; nor¬ 
mal relative positions 


PA about equal to aorta 


PA larger than aorta 


Not characteristic 


Not characteristic; 2 
cases concave with 
valvular and infun 
dibular stenosis 


Not characteristic 


May or may not be seen 


Usually seen 


Usually seen 


PA about equal to aorta in Not characteristic 
size 


May or may not be seen 
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apex formed by the left ventricle, (c) Conditions in .which the anterior de¬ 
scending artery is moved slightly or moderately to the left with the apex formed 
by both ventricles, (d) Conditions in which the anterior descending artery is 
displaced markedly to the left and posteriorly so that it is barely visible or not 
seen at all anteriorly, (e) Conditions in which the anterior descending coronary 
artery is not recognized as such. 



Fig. 7.—Diagrammatic sketch of aortic and subaortic stenosis as scon from the anterior 
view. Note (1) "hypertensive” shaped heart, (2) anterior descending coronary artery dis¬ 
placed far to the right, (3) large left ventricle forming the apex, (4) aorta smaller than the 
pulmonary trunk. Refer to Table I for variations. 



Fig. 8.—Diagrammatic sketch of complete transposition with normal architecture as 
seen from the anterior view. Note (X) aorta anterior and to the right, and pulmonary truns 
posterior and to the left. 

(a) Conditions in which the anterior descending artery is moved consider¬ 
ably to the right with the apex formed by the left ventricle. This occurs in tri¬ 
cuspid atresia (Fig. 3) and stenosis complexes, aortic and subaortic stenosis com¬ 
plexes (Fig. 7), and in origin of the left coronary artery from the pulmonary 
artery. The differentiating characteristics of tricuspid atresia and stenosis com¬ 
plexes are described previously. In aortic and subaortic stenosis, in the small 
series studied, the pulmonary artery was larger than the aorta. This is not true 
of aberrant origin, of the coronary artery from the pulmonary artery. 



Vol 39, No 3 
March, 1960 


POSTilOU'I-hAl AFFJjjUtAJNL.fi AlAlai UlUUJSi) nAAJUO 


ani 


(b) Conditions in which tiic anterior descending artery is moved slightly 
to the right or is in normal position with the apex formed by the left ventricle. 
This is seen in complete transposition with normal architecture (Pig. 8), with 
or without pulmonary stenosis, in the Taussig-Bing complex, and in idiopathic 
hypertrophy with fibroelastosis. It occurs in some instances of ventricular sep¬ 
tal defect (Pig. 9) and connnon atrioventricular orifice (Pig. 10). Complete 



Fig 9 —Diagrammatic sketch of one type of isolated ventricular septal defect as seen 
from the anterior view. Note (1) large right \emricle, (2) pulmonary trunk larger than the 
aorta. (3) anterior descending coronary artery displaced a little to the left, (4) apex formed 
by the let t \entncle. Refei to Table 1 for \ariations 



Fig 10.—Diagrammatic sketch of isolated common atrio\entricuIar orifice as seen from 
the anterior view Note (1) apex formed by the left ventricle, (2) pulmonary trunk larger 
than the aorta. Refer to Table I for \anations 

transposition and the Taussig-Bing heart (Pig. 11) may be differ entiated from 
idiopathic hypertrophy by the abnormal position of arterial trunks. Ventricular 
septal defect cannot safely be differentiated from common atrioventricular orifice 
by external appearance alone. 

(c) Conditions in which the anterior descending artery is moved slightly 
or moderately toward the left with the apex constituted by both ventricles This 
is seen in atrial septal defect (Pig. 12), in some cases of ventricular septal de¬ 
fect and common atrioventricular orifice (Fig. 10), in tetralogy of Fallot (Pig. 
2), in partial transposition with pulmonary stenosis (Pig. 13), in some cases 
of complete transposition with normal architecture (Pig. S), and in pure pul¬ 
monary stenosis (Pig. 14). Tetralogy of Fallot is differentiated as previously 
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stated. Complete transposition is distinguished in this group by the positions 
of the arterial trunks, and the latter may also serve to differentiate those cases 
of partial transposition in which the abnormal position of vessels is seen ex¬ 
ternally. Partial transposition with pulmonary stenosis in which the position 
of arteries is normal externally may be differentiated from all types of isolated 
septal defects and pure pulmonary stenosis with large pulmonary artery by the 



Fig. 11 —Diagrammatic sketch of Taussig-Bing complex as seen from the anterior view. 
Note (1) apex formed by the left or both ventricles. (2) aoita to the right anil slightly an¬ 
terior, and the pulmonaiy trunk to the left and slightly posterior, (3) pulmonary trunk con¬ 
siderably larger than the aorta. 



Fig. 12.—Diagrammatic sketch of atrial septal defect of the prlmum or secundum types 
as seen from the anterior view. Note (1) large, bulging right atrium, (2) apex formea com¬ 
pletely or mainly by the right ventricle, (3) anterior descending coronary artery aispiaeeu 
to the left, (4) anterior bulge of the conus, (5) pulmonary trunk larger than the aorta, -n. 
fer to Table I for variations. 


small size of the pulmonary artery in the partial transposition complex. When 
pure pulmonary stenosis has a small pulmonary artery it may perhaps he dif¬ 
ferentiated externally from partial transposition with normal position of ar¬ 
teries by the shape and size of the heart. In partial transposition with pul¬ 
monary stenosis the heart is in general not enlarged; that is, there is an increase 
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in the broad diameter hut not in the transverse, while in pure pulmonary stenosis 
there is an increase in both diameters. It is possible to differentiate atrial septal 
defect (Fig. 12), ventricular septal defect (Fig. 9) and common atrioventricular 
orifice (Fig. 10) from pure pulmonary stenosis with large pulmonary artery 
(Fig. 14) in most cases by the considerable displacement of the anterior de¬ 
scending artery to the left in pine pulmonary stenosis so that it is just seen. 
It appears to be impossible from this study to differentiate all cases of atrial and 
ventricular septal defects and common atrioventricular orifice from each other. 



Fig 13—Diagrammatic sketch of partial transposition with pulmonarj stenosis or atresia 
as seen from the anterior view. Note (1) anterior descending coronary artery displaced to 
the left with, the apex formed mainly or completely by the right \entncle, (2) aorta anterior 
and to the right Kefer to Table I for \anations 


R auricle 



Pulm trunk 
^Antdescort 
r-Lvent 


-■vent 
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teriorly, ( . ■ ’ 

as tile aor" 

(d) Conditions in which the anterior descending artery is moved mmkcdly 
to tiie left and postciioily. The complexes included in this category are de¬ 
scribed above. 

(e) Conditions in which the anterior descending artery is not identifiable 
as such. In the groups studied here only complete transposition with single 
ventricle and small outlet chamber lias this characteristic (Pig. 15). 


as seen from the anterior 
ir to the left, but seen an- 
trunk about the same size 
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2. Size and Position of the Arterial Trunhs at the Base .— 

a. Normal position: (1) Aorta larger than the pulmonary artery. Tills is 

found in some eases of tetralogy of Fallot (Fig. 2), in tricuspid atresia and 
stenosis (Fig. 3), in some cases of partial transposition with pulmonary stenosis 
(Fig. 13), and in some instances of pure pulmonary stenosis (Fig. 14). Tri¬ 
cuspid atresia and stenosis and tetralogy have distinct external features previ¬ 
ously described. Likewise, pure pulmonary stenosis with small pulmonary ar¬ 
tery can he differentiated from partial transposition as described above. 

(2) Pulmonary artery larger than aorta. This is seen in hypoplasia of the 
aortic tract complex (Fig. 5), total anomalous pulmonary venous drainage (Fig. 
6), fetal coarctation, atrial septal defect (Fig. ]2), ventricular septal defect 
(Fig. 9), and conunon atrioventricular canal (Fig. 10). As stated above, the 
former three can be differentiated, while the latter three cannot always be dif¬ 
ferentiated from each other. 


Coarctation 



,, mg-, la.—Diagrammatic sketch of complete transposition with single ventricle and small 
outlet chamber as seen from the anterior -view. Note (1) the lack of a typical anterior tie- 
sccnding- coronary artery, (2) aorta and pulmonary trunk in anterior-posterior position. Refer 
to Table I for \anations 

b. Abnormal position of arterial trunhs: The aorta may be (1) slightly 
dextraposed and hence on the same lateral plane as the pulmonary, (2) the 
aorta may be anterior and to the right, and the pulmonary artery posterior and 
to the left, (3) the aorta may be anterior and the pulmonary artery posterior, 
(4) the aorta may be anterior and to the left, and the pulmonary artery pos¬ 
terior and to the right. 

(1) Aorta slightly dextraposed. This is seen in some cases of tetralogy of 
Fallot and partial transposition (Fig. 13). The former have differentiating 
characteristics as described above, and were thus differentiated from the latter 
in this study. 

(2) Aorta anterior and to the right, and the pulmonary artery posterior 
and to the left. This is seen in some cases of the Taussig-Bing heart (Fig. U) 
and in complete transposition with normal architecture (Fig. 8). In °^ 
these complexes, the pulmonary artery is larger than the aorta, and the two 
complexes cannot be differentiated externally. 
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(3) Aoita and pulmonaiy aitciy dncctlj antuim and posteuoi This 
is seen in complete tiansposition with noimal aielntectnie with pulmonaiy 
stenosis, m some cases ot complete tiansposition with single vontnclc and 
small outlet chambei, and in some cases of the Taussig Bmg heait The 
fonnei is easily diffeientiated fiom the lattei two by the size of the pulmonaiy 
trunk 

(4) Aorta to the left and antenoi, and pulmonary artery to the light and 
posteuoi This is seen only in complete tiansposition with single ventucle and 
small outlet chambei m this series 

3 Right Basal Boidci of the, Right Ventucle — 

The concave right basal border of the light ventricle occui s most frequently 
m tetialogy of Fallot in oiu senes, blit also was piesent m two lieaits with ven 
tneulai septal defect and m one heart with pme pulmonary valvulai and m 
fundibular stenosis , 

4 Visibility of the Left Atrial Appendage From the Antenoi View — 

In two complexes m this study the left atnal appendage is novel seen ail 
tenorly This is in total anomalous pulmonary venous diamage (Fig 6), and 
in abenant left coionary artery from the pulmonary aiteiy The left atrial 
appendage is always scon in this study in hypoplasia of the noitie tiact complex 
(Fig 5) and in complete tiansposition with normal architecture and \entncular 
septal detect (Fig 8) In otliei conditions the left aimcle is too valuable to be 
contributor! m diffeiential diagnosis 

DISCUSSION 

From oui obsei rations it is cleai that the external moipliology of the lieait 
is a great aid in diagnosis in tetialogv of Fallot (Fig 2), tucuspid atiesia 
(Fig 3), tiuncus communis (Fig 4), fetal coaietation (Fig 5), hypoplasia of 
the aortic tract complex, and total anomalous pulmonarj venous drainage (Fig 
6) It is also undent that the position and size of the arterial tilinks, and the 
couise of the antenoi descending coionaiy arteiy may' be an aid to the diagnosis 
of a complex 

From the surgical point of view, it mav be necessaij to diffeientiate tetral 
og\ of Fallot, partial tiansposition with pulmonary stenosis or atiesia, tiuncus 
communis, and pure pulmonarj stenosis It mav bo possible to diffeientiate 
tetralogy of Fallot (Fig 2) fiom partial tiansposition with pulmonaiy stenosis 
(Pig 13) (double outlet light ventucle) in clnldien In tetralogy of Fallot, the 
concave proximal bolder of the right ventricle and the snubnosed apex aie 
chaiacteristically piesent, while these are cliaiacteristicallj absent in the lattei 
The number of partial tianspositions studied m this senes, hovvcvu, is too small 
to icacli a moie definite conclusion Likewise, it mav be possible to diffeientiate 
tiuncus communis from pseudotruncus In this senes, true tiuncus had a 
characteristic egg shaped heart with the antenoi descending artery starting in 
the middle of the base of the heart (Fig 4) Pseudotiuncus (partial tianx 
position with pulmonaiy atresia) (Fig 13) was not cliaiactcn/ed m this wav 
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were excised for histologic analysis. Examination of the in situ specimen re¬ 
vealed no apparent abnormality ot the cardiopulmonary system, and all lines 
of anastomosis were smooth and well healed. On opening the heart, an old, 
organized, occluding thrombus was found in the superior pulmonary vein; 
this was probably an early postoperative event. There had been no clinical 
or radiographic evidence of massive venous congestion or infarction at any time 
in the postoperative period. The normal appearance of the operated lung at 
postmortem also ruled out these changes. 


1 
’A 


Fig. 2 —Angiocardiogram made 35 months after autotransplantation showing normal pul¬ 
monary circulation bilaterally 

Histologic Examination .— 

Numerous comparable longitudinal and cross sections were taken from the 
main bronchi, pulmonary arteries and veins, and from more peripheral areas 
of both lungs. These were subjected to various histologic staining techniques 
and mounted for microscopic analysis. Silver impregnation was used on some 
sections to show the nerve tissue elements of the lung and pulmonary vessels. 

The following observations were made. 

Bight main bronchus: The nerve fibers proximal and distal to the suture 
were not numerous. There was evidence of regeneration across the suture line. 
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Distal to tlie suture, numerous partially legeneinted distal stump fascicles were 
seen. The axons weic predominantly of small caliber, 1 to 2 /i; but some were 
of larger caliber, 4 to 5 ft The latter were thought to he pre-ganglionic fibcis 
No ganglion cells Mere seen 

Right upper bronchus (Fig. 3): Numcious well-impiegiiated neive 
bundles are piescnt external to cartilage and aic usually seen couismg along 
side arteries Some fascicles appear to be incompletely filled with nerve fibers 
A section through a portion of the middle lobe showed essentially the same 
pattern. 



Fir - 3 —Photomicrograph of a section of the right main bronchus distal to the suture 
line Note presence of peri-arterial nerve bundles with Incomplete filling of some fascicles 
(X200, reduced %) 


Right pulmonary mtery: Nerve fibcis could be seen crossing in the con¬ 
nective tissue acioss the suture line Fibers weio more numerous proximal to 
the suture line 

Compaiative sections of pulmonary parenchyma of both sides showed no 
essential difference between the right and left lung 

DISCUSSION 

Section of the main bronchus would tiansect pre-ganglionic vagal, afferent 
vagal, and post-ganglionic sympathetic fibers It was concluded from analysis 
of slides that legencration acioss the sutuic iine had occurred AVhat percent¬ 
age and what Kind of fiber successfully regenerated is impossible to determine 
in this type of study. It was clear, however, that there weic nearly as many 
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fibers coursing along the secondary and small bronchi on the side operated 
upon, as there were in the case of the normal left side. The absence of the 
Hering-Breuer reflex, however, indicates an absence of functional regeneration 
of afferent nerve fibers. 

Functionally and anatomically, the denervated lung appeared not signifi¬ 
cantly different from the normal one after this time lapse. The moderate de¬ 
ficiency in oxygen uptake is consistent with the relative ventilation in this lung 
and is probably due to postoperative parietal restriction. 

Examination of the serial radiographs from angiocardiography indicated 
no gross difference in rate or volume of blood flow in the denervated lung inso¬ 
far as this interpretation can be made from dye distribution. In addition, the 
oxygen uptake paralleling the ventilation would suggest a normal pulmonary 
artery flow on this side. 

SUMMARY 

1. Anatomic and physiologic observations are reported in a dog which 
was sacrificed 35 months after successful autologous replantation of an excised 
lung. 

2. Bronehospirometric studies revealed onty moderate loss of pulmonary 
function in the replanted lung. 

3. A loss of the Hering-Breuer reflex of the replanted lung was demon¬ 
strated and this was taken as representing failure of afferent vagal regeneration. 

4. Examination of the cardiopulmonary system of the sacrificed dog re¬ 
vealed no gross abnormality, other than a thrombosed superior pulmonary vein 
on the side operated upon. 

5. Microscopic study of the replanted lung showed regeneration of nerve 
elements across the suture line. The phvsioanatomic classification of the regener¬ 
ated element could not be determined in this study. The histologic findings of 
the lung operated upon were otherwise normal. 
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THE MANAGEMENT OF BRONCHOPLEURAL FISTULAS 

R K Pitdht, MB ,BS , and R B Lynn, FRCS ,F ACS, 

Kingston, Ontauo 

B ronchopleurai fistula is the most (Leaded complication of pulmonary sur 
gery Although uncommon in nontuberculous pulmonary surgery, the 
incidence of bioncliopleural fistula in resection foi pulmonaiy tubeieulosis 
vanes vvidelv in the cunent literature The average incidence, from collected 
papois between 1951 and 1958, is 6 8 pci cent 1 In our own hands in 200 consecu 
two lescctions foi pulmonaiv tuberculosis, 2 eases wcie compbcated by fistula 
and 1 of these patients died in spite of active singled management Once a 
bronchopleural fistula oecuis, a mortality rate of aiound 30 pel cent 2 is common, 
li respective of how it is managed This complication is the commonest cause 
of postoperative morbidity and mortality and constitutes the greatest hazard 
m lescction foi pulmonary tubeieulosis 

Because of the controvcisy m the litciaturc about the management of 
bronchopleural fistulas, wo felt that our experience in the management of 10 
patients, 8 of whom were onginally operated upon by' other surgeons, is worthy 
of analysis No attempt will be made to emphasize the etiology and diagnostic 
features nor the pathogenesis 3 since these have been well documented 

CASE REPORTS 

Case 1-—F S, a 36 year old woman lnd had a right upper lobectomj for fibroeaseous 
disease m 1952, which was complicated bj incomplete re expansion She was discharged with 
a large apical space and was readmitted 2 years later wath positne sputum, drug resistant 
organisms, and a persistent right apical space Bronchognphv revealed a large nght upper 
lobe stump communicating with the apical space (Big 1) 

The right chest was re opened and a large empyema pocket was mobilized extrapleurally 
The long residual stump was amputated, flush with the main bronchus, and closed with ho 
36 ware on nn atraumatic Sellors needle The apical segment of the lower lobe, which was 
grossly involved m fibronodular disease, was resected Both the stumps were carefully co\crcd 
with \iable peribronchial tissues The procedure was completed wath a fi\e rib osteoplastic 
thoracoplasty to obliterate the dead space Recovery wa9 uneventful sputum became negative, 
and the patient was subsequently discharged well 

Comment —In tlie presence of a long stump and a large apical space, con 
senative management o\cr a 2 year period was not effective and, indeed, 
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should not have been persisted with. Re-amputation of the bronchus stump, 
combined with a space-reducing procedure, was the only alternative. 

Case 2.—S. C., a 42-year-old man, had been treated since late 1930 tor cavitaiy disease 
in the right upper lobe and apical segment of lower lobe. Eight-rib thoracoplasty in stages 



Fig. 1.— (Case 1, F. S.) Bronchogenic demonstration of the long residual stump of the right 

upper lobe bronchus. 



Fig. 2.— (Case 2, S. C.) Sinogram which demonstrates the long residual right main-stem 

bronchus. 
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fulcd to convert sputum In 1953, lie was still sputum positnc and now drug resistant A 
right pneumonectomy was performed Resection was complicated by bt onchoplcural fistula 
Conscnatnc man igemcnt, including tube ill image, bioad spectrum antibiotics, and all nail 
able antituberculous drugs, failed to heal the fistula During the next 4 years the sputum 
remained positnc and there wero seieral episodes of contraliteril spread 

This patient came under our eaie m 19o7 with a bronchopleurocutaneous fistula, a 
positive sputum, ind resistance to nil drugs Bronchoscopy ind sinogram showed a long 
bronchus stump At the time of pneumonectomy, the upper and lower lobe bronchi had 
been closed separately, thus lca\ing a stump at least 4 cm in length (Fig 2) 

The right chest was reopened through a posterolateial incision Sucral hours were 
spent m mobilizing the fistulous tract No anatomic landnmhs could be identified and the 
hilum was a mass of fibrous tissue At the end of i houis, the procedure was abunioned 
This patient continues to lime a draining sinus and is intermittently positive 



Fig 3—(Case 3 L B ) 1 A xlew of the chest made o weeks after conser\ati\e man 

agement of the bronchopleural fistula. B Postcroanterior view of the chest after a tailoring 
thoracoplast* 


Comment —The indication foi siugical mtencntion m this case is clear 
cut Tcchmcalh, howexei, it was felt to be too hazaulous to continue at that 
time AVith mci casing expenenee, this patient could lia\e been appioacbed 
moie fa\oiabl\ tluougli an antcuoi thoiacotomx oi a median sternotomx m 
cision tins appioach, the hilai tcssels can be ligated inside the pciicaidnim 
and the light main bionchus and its fistula can be safeh approached thiough 
moie noimal tissue planes 

Casf 3 L B, a 2o tear old man was admitted with an ojen oawtari lesion in the 
left apex After 4 months of drug therapy, the left apicopostcnor segment was resected 
by us Resection was complicated In a staphxlococcal empxema and a bronchopleural fistula 
Intercostal tube drain ige and in assn e doses of broad spectrum intilnotirs were mime batch 
instituted Six week-, later, a standard fncnb thoracoplasty was performed Following 
this, the fistula healed The patient was subsequenth discharged cured 



388 


PADIII AND LYNN 


J. Thoracic and 
Cardtovas. Surg. 


Comment .—In this case, 6 weeks of conservative treatment with tube drain¬ 
age and antibiotics failed to heal the fistula. More active surgical measures 
were necessary. 

Case 4.—J. M\, a 46-year-old man, liad boon in the sanatorium for over 10 years and 
at one time had far-advanced disease involving both lungs. The disease in the left lung 
had been arrested following a seven-rib thoracoplasty. The presenting problem was a de¬ 
stroyed right upper lobe and apical segment of the lower lobe with cavitation. Sputum was 
positive and drug resistant. Ventilation studies showed a total vital capacity' of 45 per cent 
and maximum breathing capacity of 1C per cent of predicted values. The right upper lobe 
and apical segment of the lower lobe were resected and a live-rib tailoring thoracoplasty 
performed by us. During the early postoperative period, the right upper lobe bronchus 
broke down. Tube drainage and broad spectrum antibiotics were immediately started. 
Tracheotomy was done to combat ventilatory insufficiency and prevent contralateral spillage. 
After 6 weeks, there was no improvement, so the stump, which had been originally closed 
with silk, was re-exposed, sutured until wire, covered with a viable muscle graft and a Sclicde 
thoracoplasty was performed. Two weeks later death occurred from sudden uncontrollable 
hemorrhage inside the right chest. 

Comment .—Permission for autopsy in this ease could not be obtained. 
The cause of the hemorrhage is not definitely known, but very likely this was 
secondary hemorrhage from the pulmonary artery in an infected space. 

Case 5.—E. T., a 38-year-old woman, had been in tlic sanatorium for over 9 years and 
iiad been through five thoracotomies involving both sides. In 1D56, she had presented with 
1 positive sputum and drug resistant organisms. A bronchogram showed a bronchopleural 
fistula from the left apicoposterior stump communicating with an empyema pocket extending 
up under the thoracoplasty (Fig. 4). The left chest was rc-opened and the remainder of 
the left upper lobe, together with tlie empyema pocket, was mobilized extrapleurally. The 
left upper lobe bronchus was divided flush with the main bronchus. The bronchus stump was 
closed with wire and then covered by a muscle graft. The existing apical thoracoplasty was 
revised and extended. She made an uneventful recovery and was later discharged. 

Comment. — Eighteen months after discharge she returned with one positive 
sputum. Further investigations failed to show either reactivation or recur¬ 
rence of fistula. 

Case 6.—L. V., an 18-year-old girl, was admitted in 1950 with a tuberculoma in the 
apical segment of the left lower lobe and was treated by segmental resection. Resection 
was complicated by massive atelectasis, empyema, and bronchopleural fistula. Four years 
later, a left pneumonectomy was performed because of persistent fistula. Infection of the 
left pleural space persisted and the bronchus stump broke down. Seven-rib thoracoplasty in 
stages was followed with an immediate good result. One year later she developed a drain¬ 
ing sinus and sputum became positive again. Bronchoscopy and bronchography showed a 
long left main-stem bronchus stump communicating with the skin. Through a left anterior 
thoracotomy, the hilum was explored. The left pulmonary artery was ligated inside the 
pericardium, then the bronchus stump was isolated and dissected up to the carina. The 
fistulous stump was amputated flush with the trachea and closed with wire. This girl made 
an uneventful recovery. 

Comment .—A standard posterolateral approach in this ease would have 
presented technical problems similar to those encountered in Case 2. 

Case 7.—J. T., a 28-year-old man, underwent right upper lobectomy for a cavitary lesion. 
Resection was complicated by empyema and bronchopleural fistula. A tailoring thoracoplasty 
4 weeks later failed to heal the fistula. About 18 months later, the fistula was explored and 
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the bronchus stump was re-amputated and the thoracoplasty revised and extended. The 
fistula recurred. In spite of tube drainage and antibiotics, the patient continued to go down¬ 
hill and had repeated contralateral spreads. At this stage, the patient came under our care. 
Wo recommended right pneumonectomy, which was not acceptable to the patient who soon 
afterward left the sanatorium against advice. 

Case 8.—L. C., a 35-year-old man, with sevcic diabetes, was admitted in September, 
1951, with cavitary disease in the loft upper lobe and was treated with a left upper lobectomy 
after G months of chemotherapy. Recovery was une\entful. He was re-admitted in 1955 
with cavitation in the apical segment of the left lower lobe. Following a course of anti¬ 
tuberculous drugs, a left pneumonectomy wa*? performed in No\ember, 195G. This was com 
plicated by broncliopleurocutaneous fistula. Eight-rib thoracoplasty in stages and a stage 
of Scliede thoracoplasty failed to heal the fistula. Two episodes of contralateial spread 



Fig 1 4 —(Case 5, E T.) Bronchographic demonstration of the fistula extending up under the 

thoracoplasty. 

occurred. In late 1958, this patient was presented to us witli positi\c sputum, positive drain¬ 
ing sinus, and drug resistant organisms. A long left bronchus stump, communicating through 
an empyema pocket to the skin on the chest wall, was demonstrated (Fig. 5). 

Re-amputation of the fistulous stump was carried out through a left anterior L-shaped 
incision dividing 3, 4, and 5 costal cartilages. The pericardium was deliberately opened 
and the left hilar vessels ligated inside the pericardium. The left main-stem bronchus was 
mobilized up to the carina and transected flush with the trachea. The bronchus stump was 
closed with wire and adequately covered with viable tissue. This patient made an uneventful 
recovery and is ready for discharge. 

Comment .—In this case it was clearly demonstrated that it would have 
been difficult if not impossible to revise the bronchus stump through a classical 
posterolateral approach. Again it would have been extremely dangerous to 
dissect the bi'onchus without prior ligation of the pulmonary artery and veins, 
since all these structures were densely bound by fibrous scar tissue to the region 
of the bronchus stump. 
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Fig. 5.—(Case S, L. C.) A, Roentgenogram of the chest, following a sinogram, which 
demonstrates a long left bronchus stump and a normal right bronchial tree. B, Postoperative 
x-ray study after the fistula lias closed. 


Fig. G.— (Case 9, S. G.) A, Bronchographic demonstration of the fistula in the righ 
upper lobe bronchus stump communicating with the apical space. B, Postoperative roentgenu- 
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Casf 9—S G, a 29 year old man, was treated for bil itcral apical disease from 1950 to 
1951, and readmitted m 1956 with reactivation of disease After 11 months of treatment 
rath drugs, a right upper lobcctomv was earned out A residual space persisted ind the 
sputum became positive Bronchograplij rc\ealcd a biouchopleural fistula (rig 1 6) 

The right chest was re opened and the empyema ^ac was mobilized estrapleuralh The 
bronchus stump was re amputated, flush with the main bronchus, and closed with wire After 
covering the stump, a five rib osteoplastic thoracoplasty was performed There was an un 
complicated recovery 

Comment —The light uppei lobe lnonclius stump bleaks down moie fre 
quently as is noted in Cases 1, 4, and 7, but, as the right uppei lobe is the 
commonest lobe to be leseeted for pulmonary tubeiculosis, this susceptibility 
mav be more appaicnt than ical 

Case 10—B M, a 54 year old man, was treated with drugs for 2 years for a right 
apicopostcnor lesion The lesion was removed by a large wedge resection Following re 
section, sputum became positive and a small apical pocl et persisted Bronchogiaphy revealed 
a bronchopleural fistula communicating with the apical pocket 

The right chest was re opened and the remainder of the upper lobe along with the apical 
empyema was mobilized extrapleurally The upper lobe bronchus was divided flush with the 
mam bronchus and closed with wire After covering the stump with a large pedicled pleural 
flap, a tailoring thoracoplasty was done Tlic postoperative course was complicated by severe 
paradoxical breathing recurrent atelectasis, and ventilatory insufficiency but these responded 
to tracheostomy and cl est strapping 

Comment —In this cldeilv mail, a standaid tailoimg thoiacoplasty was per 
formed instead of the osteoplastic type which we piefei, because the lattci 
pioceduic is moie time consuming and the patient’s condition on the table was 
deteuoiating A tracheostomv 2 dais latci was a life sawng piocedme 

niscussiOM 

The management of bionchopleuial fistula is still a contioveisial subject 
Pacheco and Ins associates 1 lecotninend conscrvatn e management while otheis 5 
favoi immediate re opeiation Consei v.ative management is piobablj woitli a 
tual initially When a fistula is recognized, simple niteicostal tube drainage 
should lie immediately instituted to minimize spillage into the remainder of the 
lung 01 the contralateral lung The pioblem of spillage assumes gi av e signifi 
cance when fistula occurs in a piicumoncetomj stump As a pioplivlaxis, m 
all pneumonectomies, it lias boon our pi notice to keep the plemal space dry foi 
2 to 3 weeks When a partial lesection is complicated In fistula intercostal tube 
diainage and negatnc suction is instituted lmmediatelj in an attempt to re 
expand the lemaindcr of the lung and oblitciatc the plemal space Bioad 
spectrum antibiotics are used libcialh to combat the almost inevitable supenm 
posed pvogome infection 

Tube drainage and antibiotics constitute the cailv conservative therapj 
A small leak oceuiimg in a segmental stump is veil likely to heal with this 
legimen A fistula in a major bionehus mav close onlv tempoianh, leaving 
a residual pleural space It is piobablv acceptlble to continue conscivative 
management of such a space in the nontubciculous patient In a tuberculous 
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patient, however, the fistula may remain masked temporarily but, in time, the 
majority of these patients will return with a positive sputum, drug resistant 
organisms, and possibly spread to other areas. Once a major fistula becomes 
established, definitive surgical methods should be resorted to after 4 to 6 weeks. 
Each patient with a bronchopleural fistula presents a different problem and, as 
such, no generalization in their surgical management can be made. 

Established bronchopleural fistulas can be broadly separated into three 
groups: 

(1) Fistula occurring after segmental resection: This is usually seen after 
apical or apicoposterior segmental resection. Tf recognized early and treated 
with tube di-ainage and suction, the majority of these will close if superimposed 
infection can be controlled. If the fistula does not heal in 4 to 6 weeks, a 
standard or osteoplastic thoracoplasty will close the fistula. Rarely, if the 
fistula has been long standing and associated with a thick empyema sac, will 
thoracoplasty alone be inadequate but must be combined with deeortication of 
the sac. 

(2) Fistula occurring in a major bronchus following lobectomy: For some 
reason the right upper lohe stump seems to be more vulnerable to breakdown. 
In spite of initial treatment with drainage, suction, and antibiotics, the fistula 
is more likely to persist and more active surgical measures will be necessary. 
Complete excision of the infected space, re-amputation of the fistulous stump, 
if long, and a space-reducing procedure are all necessary for a satisfactory 
result. 

(3) Fistula in a pneumonectomy stump: Three of the above cases were 
in pneumonectomy stumps. These patients had a very long term, indeed too 
long a trial, of conservative treatment. Ding resistant organisms, positive 
sputum, a draining sinus, low-grade sepsis, and repeated contralateral spread 
are the dominant features in them. Re-amputation of the bronchus stump, 
closure with wire, adequate coverage of the bronchus, and obliteration of the 
pleural space will close the fistula in most instances. 

In all 3 patients with fistulas following pneumonectomy, multiple stages 
of thoracoplasty had been performed several years before. These cases present 
considerable technical difficulty. Long-standing sepsis makes it virtually im¬ 
possible to isolate the vascular structures in the distorted hilum, and, because 
of this, the bronchus stump cannot be dissected with safety. Under such cir¬ 
cumstances it is our practice now to approach the hilum through a median 
sterniotomy or an anterior thoracotomy and to re-ligate the pulmonary artery 
and veins inside the pericardium as the first step. After this, the bronchus 
stump can be dissected up to the carina with impunity and the repair completed 
with relatively little risk. It is felt that an anterior approach such as this, 
with control of the major vessels from within the pericardial sac, will allow 
more of these complicated fistulas to be successfully eliminated. 

In the final analysis, the management of bronchopleural fistulas is pre¬ 
ventive. More careful attention to the bronchus stump initially will reduce 
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the numbei of lneakdowns to an irreducible minimum Thus, it behooves one 
to reiteiate the pimciples of bionclius closme These aie—as short a bronchus 
stump as possible, a viable stump, as little sutine matonal as possible, prefer 
ablj of wne, and eaieful coieiage of the bronclms inth a liable pleural, pen 
caidial 01 muscle Hap 1 These measuies, combined with the pnnciples of surgi 
cal teelinique as usually practiced, will lmpioie the still too high incidence of 
bioncliopleuial fistula 

SUMMAR1 

The management of 10 eases of Inoneliopleuial fistula is discussed Eight 
of these were long standing cases 

Foul occuned following light uppei lobectomy, 3 following pneumonec¬ 
tomy, 2 following lcsection of the left apicopostenoi segments, and 1 after a 
large wedge resection of the light apex 

One patient (Case -1) died, 1 (Case 7) lefnsed fuithei smgerv, m 1 (Case 
2) the fistula could not be closed The lemainmg 7 healed following active 
suigieal measuies 

If the fistula peisists after 4 to 6 weeks of conscrvatn e treatment with tube 
dianiage and antibiotics, nioie definitne surgical pioeeduics should be adopted 
foithwith The principles of bronchus closme aie re stated as the real manage 
incut of bronchoplcuial fistula is prevent]! e 
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MEDIASTINAL TERATOMA IN INFANCY 


Report of Successful Removal From Premature 
Infant and Review of Literature 

Richard H. Adler, M.D., Syde A. Taberi, M.D., and David H. 

Weintraub, M.D., Buffalo, N. Y. 

T he developments in thoracic surgery during the past two decades and the 
more frequent use of periodic chest x-ray examinations have stimulated re¬ 
newed interest in teratomas of the mediastinum. The literature on the subject 
largely concerns adults, with a relatively small number of cases reported in 
childhood. In infancy, the tumor is a comparative rarity, and only a few 
tumors have been successfully removed during this early period of life. To¬ 
day, it should be possible to remove safely most large symptomatic mediastinal 
teratomas in infants if the condition is suspected and surgery is undertaken 
without unnecessary procrastination. 

After the gonads, the mediastinum is the most common site for teratomas 
n man. These tumors have been the center of great interest in the past bc- 
iause of their extraordinary morphology. Their true incidence in relation 
o other primary tumors of the mediastinum varies among different reported 
series. In general, however, they rank second after neurogenic tumors, al¬ 
though, in some reviews, tumors of the thymus occupy this position. Granu¬ 
lomas and lymphomas are not considered in this review of primary mediastinal 
tumors. 

The comparative incidence of primary mediastinal tumors differs in some 
areas between the infant and the adult. Teratoma appears to be the most 
common tumor occurring in the anterior mediastinum of infants and children. 
Although the thymus casts a prominent mediastinal shadow during the first 
year or two of life, true thymomas are uncommon in infants. Two other 
relatively common anterior mediastinal tumors found in adults—substcrnal 
thyroids and pericardial cysts—are rarely encountered in infants. 

Recent experience with a large mediastinal teratoma which was success¬ 
fully removed from a 2-day-old premature infant stimulated our interest m 
this subject. From a review of all available literature, this appears to be the 
youngest individual from whom such a tumor has been successfully removed. 
After a short period of temporary improvement, the infant developed pro¬ 
gressively severe respiratory distress due to a paralyzed left diaphragm. Tins 
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despeiate situation was collected siugically by infolding the chaphiagm, using 
a leinfoicing piosthtsis of knitted D-ieion mesh Because of the mnty of this 
tumoi in the newborn and ctitain liiteicsting featuies encoiintoied m this 
patient, it was felt worth while to iccoid this e\puiencc and to leview the 
peitment liteiatuie 



Fie 1—Chest roentgenograms nnde No\ 24 lS'iS Posteroanterior and literal views which 
show larKc mediastinal teratomi 


CASE REPORT 

J r, a white female was born prcmaturclv in the Buffalo Children's Hospital on 
Nov 22 1‘UiS, in the seventh month of pregnane} following spontaneous rupture of the 
membranes Tho pregnanes otherwise hlad been uneventful Birth weight was 5 pounds, 
7 ounces The obstetrician commented upon the excess mucous and costal retraction In 
the premature nur^crv the infant’s color was dushv when tempornrih removed from the 
Isolettc During the first da}, moderate respirntorv distress continued with xvphoid 
retraction and transient episodes of ejanosis Breath sounds were noted to be diminished 
over the left chest No caidinc bruits were beard fl c possibilities of atelectasis or 
lijaline membrane disease were entertained On the second da}, the left hcmithorax was 
noted to be dull to percussion with absent breath sounds Chest x rav studies obtained 
that afternoon IniOv 24, 195S, showed a large homogeneous mass with a sharp lower border 
The mass occupied most of the left hemitliorax. displacing the mediastinum to the right 
(Fig 1) The infant was taken to the operating room that evening with a preojerative 
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diagnosis of mediastinal cyst or tumor. A nasogastric tube passed easily into stomach, 
but no special diagnostic studies were performed because of the precarious condition of 
the infant. 

The chest was opened thiough the complete length of the fifth interspace. A well- 
encapsulated dark, red, solid mass, winch practically filled the entire left hemithorax, 
presented. It was necessaiy to divide the fifth lib to expose adequately the base of this 
mass. A number of large vessels entering the tumor fiom the mediastinum were divided. 
A one centimeter adherent piece of pericardium was lcmoved with the tumor. A rela¬ 
tively normal-sized thymus remained undisturbed in the anterior mediastinum. The 



Fir 2 Fig 3 

Fig. 2.—Chest roentgenogram made Nov. 24, 1938, immediately following lemovnl of 
mediastinal teratoma 

Fig 3—Chest roentgenogram made on Dec 15, 1958. Heart icmalns shifted to the right. 
Left hemidiaphragm becoming progressively elevated. 

entire left lung, which had been compressed inferiorly, now expanded w T ell with massage 
and gentle positive pressuie. For no apparent reason, the heart remained largely in the 
right liemithorax after the tumor was removed. The vessels that had coursed to the 
tumor appeared to originate fiom the mid anterior and superior areas of the mediastinum. 
Because of the infant's unstable condition the mediastinum was not examined further. 
The immediate postoperative chest roentgenogram showed the left lung to be well ex¬ 
panded and the left diaphragm not elevated. The heart remained largely shifted to tire 
right (Fig. 2). 

During the first few postoperative dajs the infant breathed feebly, but the respira¬ 
tor}' status improved thereafter. During the second postoperative week, however, the 
nurses noted occasional episodes of duskiness. Chest x-ray studies show'ed progressive 
elevation of the left hemidiaphragm (Fig. 3). By Dec. 24, 195S, the weight had dropped 
to 4 pounds, 9 ounces. The number of cyanotic spells had increased and the infant was 
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showing considerable respiratory distress. The left hemithorax moved less than the right. 
The cardiac silhouette remained largely to the right. There was disagreement as to 
whether this represented persistent mediastinal shift or dextrocardia. The left diaphragm 
remained elevated and was motionless under fluoroscopy. An almost fatal episode of 
severe cyanosis and apnea resolved the period of indecision as to whether the infant 
should be subjected to surgery for correction of the elevated left diaphragm. 


^Preoperative position 
^ng\ paraltj-ea diaphragm 

Reinforcing 
\X?i*~*rDacr.on Mesh 



" Postoperative 
position of diaphragm 

Infolded'redundant diaphragm 




Fig. 4.—Diagrammatic representation to show method of repair of paralyzed diaphragm (see 

text). 

On Dec. 27, 1058, thoracotomy was performed through the left seventh interspace. 
The elevated diaphragm filled the lower two thirds of the hemithorax. Adhesions be¬ 
tween lung and diaphragm were divided and the dome of the diaphragm could then bo 
depressed. The diaphragm was flaccid but it did not appear thin as with true eventration. 
The distal 2 cm. of the phrenic nerve, visible through this exposure, appeared normal. 
There was no response when stimulated by an electric current. The diaphragm muscle 
contracted weakly when, electric current was applied directly to it. Tho redundant flaccid 
diaphragm was depressed inforiorly and the edges of the infolded area sutured together 
with interrupted silk leaving tho diaphragm flat and tautly stretched between the costal 
attachments. The single suturo lino was reinforced by a patch of knitted Dacron mesh 
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(Eig. 4). This allowed the operation to he accomplished quickly and without need for 
exposing the abdominal contents through an opening in the diaphragm. The left lung was 
then freed from its costal adhesions, allowing it to expand inferiority and fill the licmi- 
tliorax down to the new low position of the diaphtagm. 

Postoperative!}' there was a dramatic change to a quiet regular type of respiration. 
The infant did well and gained weight. The last x-ray study before discharge showed the 
left hemidiapliragm in satisfactory position and the mediastinum returning to the left 
(Fig. 5). When last seen in April, 195b, she was an active healthy baby weighing 10 
pounds. 



Fig. 3.—Chest roentgenogram made on Jan. 10, 195!), two weeks following repair of paralyzed 

left diaphragm. 

Pathologic Report ,*—The teratoma was grossly a nodular, rounded tumor with a serous 
capsule, measuring 5.8 by 4.5 by 4.1 cm. as iceeived in the frozen state. On the cut surface, 
the tumor had multiple cystic spaces containing mucoid- and colloid-like material (Fig- *>)• 
Except for the more grayish-wlute color, the tumor resembled somewhat a colloid cystic 
goiter; neither bony nor epideimoid stiuctures weie seen. 

Microscopically, this a as a typical adult teratoma, consisting for the most pait of deriva¬ 
tives of the entoderm with numerous glatrds arid cysts lined by mucus-secreting epithelium. 
Groups of liver cells of varying size, and individual glands resembling bile ducts and pan¬ 
creatic glands, were seen between the cysts. The intervening stroma contained matkedl} 

♦Abstracted from the report by Dr. Kornel Terplan, Professor and Chairman of the De¬ 
partment of Pathology, University of Buffalo School of Medicine. 
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edematous mesenchimal structures, including numerous smooth muscle fibers, some fat tissue, 
and capillary vessels. Of particular interest, and somewhat outside of the general structural 
frame of this teratoma, was the finding of melanin pigment in the epithelial lining of two 
cjsts, resembling the epithelium of the retina. The presence of this pigment points to some 
ectodermal analagc. No undiffcientiatcd or embryonal structuies were seen. There was no 
anaplasia of any sort. Some cysts weic lined by striated columnar epithelium resembling the 
mucosa of the respiratory tract. 


DISCUSSION 

I. Mediastinal Teratoma .—Today most authorities prefer to ’erase the earlier 
idea of a distinction between mediastinal dermoid cysts and teratomas because of 
the frequency with which teratomatous elements can be demonstrated when 



Pip. 0—Gross appearance of mediastinal teratoma (cut section) 

dermoid cysts are subjected to comprehensive examination. These lesions may¬ 
be collectively- called teratoid tumors or else referred to as cystic and solid 
teratomas. Cystic teratomas outnumber the solid ones. The solid tumors are 
more complex, however, and have a greater propensity for malignant change. 
The incidence of malignancy for both types lias been quoted ns from 10 to 0!) 
per cent, but a figure around 20 per cent would appear to be an acceptable 
average. 

The etiology of teratomas lias been a subject for considerable speculation, 
but no single opinion is as yet universally- accepted. Perhaps the most 
plausible theory of the genesis of cxtragonadal teratomas is that they are the 
result of local dislocation of tissue during embryogenesis. In discussing medi¬ 
astinal teratomas, Schlumbergei' 1 incriminates the branchial clefts, specifically 
tissue dislocations in the anlage of the thymus. It lias been stated that the 
thymus is the only branchiogenic structure to descend routinely- into the medi¬ 
astinum and also one that may give rise to derivatives of all three germinal 
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layers. The close association with the thymus would also explain in part why 
most teratomas occur in the anterior mediastinum. 

It is generally stated that there is no appreciable difference in the sex in¬ 
cidences of these tumors. Ochsner, 18 however, has said that in children there 
is a great preponderance of females. Although many tumors are asymptomatic 
at the time of discovery, the majority will eventually give rise to symptoms 
and contribute to the death of the individual."- The tumors usually cause 
symptoms because of pressure on or erosion into nearby structures. Less com¬ 
monly, the individual may cough up hair or other suspicious material. Oc¬ 
casionally, a cystic lesion may become infected and perforate into the lung or 
pleura. In general, the tumors grow slowly and remain asymptomatic for 
years. It has been suggested that some teratomas receive a growth stimulus 
around the time of puberty. With malignant change, however, the growth 
process may be greatly accelerated. 

The tumors are usually discovered between the ages of 20 to 40 years, 
either because of symptoms or, commonly 7 , as a result of routine roentgeno¬ 
grams of the chest in an asymptomatic individual. Most published scries on 
mediastinal teratomas concern adults until little or no mention of its occur¬ 
rence in infants and young children. With few exceptions, 7 ' 10 the reports on 
mediastinal teratomas in infants have consisted mostly of single case reports. 
In several papers published about the turn of this century, it is difficult to de¬ 
termine whether the lesions were teratoid tumors or bronchogenic, enterogenous, 
or other types of cystic and solid malformations. A few reports dealing with 
Ithe broader subject of mediastinal tumors and teratomas refer to infants or 
young children only 7 by 7 stating the oldest and ymungest subject in the series 
or else by 7 general age grouping, listing the number under 20 years or 12 years 
of age. It becomes apparent, therefore, that it is not possible to state an 
absolute figure as to the number of mediastinal teratomas found in infancy- 
in the literature. Nevertheless, it is of interest to review briefly the available 
literature on mediastinal teratomas in infancy 7 . 

Approximately 26 extrapericardial teratomas occurring in infancy have 
been found in our review of the literature. In this connection, infancy has 
been taken as a period under 2 years of age. Because of incomplete docu¬ 
mentation in two collective reviews, it is possible that several references to a 
few early cases may overlap (Table I). 


Table I. Mediastinal Teratomas op Infancy 


AUTHORS AND DATES 

1 NO. PATIENTS | 

AGES 

COMMENTS 

Kerr and Warfield,i e 1928 

Poynton, 2 ° 1929 

Wilcox and Wollstein , 23 1931 
Struthers , 26 1932 

Hedblompi 1933 

Rushy , 22 1944 

Laipply,i" 1945 

3 

1 

1 

1 

6 

1 

1 

First year of 
life 

4 mo. 

6 mo. 

5 mo. 

3-8 mo. 

16 mo. 
“Stillborn” 

Literature review 

Autopsy; no operation 
Autopsy; no operation 
Autopsy; no operation 
Collective review 

Autopsy; malignant teratoma 
No details _ 

Total 

14 
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With one exception, 28 the 12infants with mediastinal toiatnmns sutgically 
removed have been icpoited duimg the past decade (Table IT) 


Table II Mediastinal Tm'ATomas of Infvncx 


AUTHORS AND DATES | 

NO PATIENTS | AGES | 

COMMENTS 

Wheatley, 28 1037 

Vervat, 27 1049 

GrosV 0 1953 

Starer/i5 1954 

Sarmana et al ,°3 1954 

Peabody et al *9 1954 

Ellis et al1955 

Herlitzka and Gale 10 1958 

1 7 mo 

1 8 mo 

3 2, 19, 21 mo 

1 10 da 

1 2 mo 

1 4 mo 

3 3 \\k , 3, 5 mo 

1 3 mo 

Died following surgorv 
Successfully removed 
Successfully removed 
Successfully removed 
Successfully removed 
Successfully icmoved 
Successfully removed 

No details 

Total 

12 


A tvoid should be included about the so called mtiapciicaidial teia 
tomas Actually these tumors aie also mediastinal and some haio considcicd 
them to be sinnlai to the mote common antcnoi mediastinal cxtiapcueaidial 
teiatomas with a chance location inside lathci than outside the peiicaidium 
It is of inteiest that most of these tumois base been found in lufancj or child 
hood m contiast to the extiapencauhal mediastinal teiatomas which aie 
usually ioiuid m adults It liny be that the mtiapciicaidial tumor-, become 
appaient at an eailiei age because they aie contained m closei pioMiiutj to 
the heart and gloat sossels and eicn a small tumoi mass may gi\e use to 
noticeable signs and symptoms A leview of the liteiatuie leiealed nine mtia 
pencaidial teiatomas six occutung in infancy (Table III) 

Table III 

iNTRArERICATDIAL MfDIASTINAI 

Tepatomas 

AUTHOrS AND DATES 

| NO PATIENTS \ AGES | 

COMMENTS 

Grimm,9 1927 

Jellen and Pisher, 1 * 1936 
Willis,30 1940 

Claireau\, G 1951 

Basora Defillo and Ltchten 
berg, 2 1956 

Richards and Reeves, 01 1958 

Joel, 18 1890 

Beck,4 1942 

Gebaucr, 8 1943 

1 3 mo 

1 3 wk 

1 10 wk 

1 Premature 

newborn 

1 15 da 

1 3 mo 

Children and Adults 

1 14 -vr 

1 22 yr 

1 12 year 

Died, no surgery 

Died, no surgery 

Died, no surgery 

Died, no surgery 

Died, no surgery 

Successfully removed 

No details 

Successfully removed 

Died, hemorrhage at surgery 

Total 

9 



The intimate association of intrapcilcaidial teiatomas with the hoait oi 
great vessel becomes of gieat piactical importance when siieli tumors aie to 
be surgically rcmoied Tins was diamatieally shown m the lcpoit of Gebauei 8 
m which fatal liemoirliage occulted when the fiist portion of the aoita was 
inadvertently perforated while attempting to icmoie in mtiapciicaidial 
tciatoma, adherent to tins site, in a 12 yeai old gill In a numbei of autopsy 
dissections, the mtrapencai dial teratoma has been descnbcd as attached to the 
adventitia of the gieat \essels bj a stalk wlucli would lia\e piesented a less 
hazudous technical problem at suigery. 
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It seems reasonable to assume that most if not all mediastinal teratomas 
are present at birth. The true incidence of this tumor in infancy might he 
more accurately appraised if all infants were subjected to routine chest x-ray 
studies. Unless special projections were taken, however, small tumors might 
be missed at this early age with a routine posteroantcrior chest film as taken 
in adult surveys. Certainly one would not recommend unnecessary x-ray ex¬ 
posure to normal asymptomatic infants merely in an effort to detect a medi¬ 
astinal teratoma. 

Practically all mediastinal teratomas in infancy have been found because 
they caused signs and symptoms or else they were discovered at postmortem 
examination. Cough, dyspnea, and cyanotic episodes are the predominant 
symptoms in infants. Other findings arc occasionally encountered as a result 
of pressure, perforation, or infection. With large tumors filling the hemi- 
thorax, the involved side may lag with respiration and show protruding inter¬ 
costal spaces. The percussion note will be flat with diminished breath sounds 
and the displaced maximum cardiac impulse may reflect a mediastinal shift. 
A roentgenogram of the chest will usually show a dense rounded mass with 
sharply defined borders projecting laterally into either hemithorax and blend¬ 
ing centrally with a mediastinal cardiac shadow, usually located in the 
anterior mediastinum. If the mass contains plaques of calcium or a tooth, the 
diagnosis becomes quite certain. 

Unless the tumor is intimately adherent to the heart or aorta, as with 

I itraperieardial teratomas, the mass is frequently Avell circumscribed and- 
jsily shelled out from its surroundings at operation. With infection, perfora- 
on, or malignant degeneration, complete removal may be difficult or im¬ 
possible. Certain diagnostic and therapeutic procedures used before the de¬ 
velopment of modern thoracic surgery, such as needle aspirations, drainage 
and decompression, and marsupialization will rarely be indicated. Once the 
lesion has been demonstrated it should be excised to relieve symptoms and to 
avoid further complications and malignant degeneration. 

Various derivatives of all three germ layers may be found in these tumors. 
Of interest is the finding of pancreas and thymus in a considerable number of 
the more solid tumors. 13 The case presented in this paper had pancreas in the 
teratoma but it was free of any thymic tissue. There was no connection with 
the thymus gland. 

II. Paralyzed Left II emidiaphragm .—There were no signs of brachial plexus 
injury or other evidence to suggest that a birth injury could have been the 
cause of the paralyzed diaphragm, a so-called acquired eventration. Although 
the diaphragm appeared to be near normal position immediately following re¬ 
moval of the tumor, it became progressively elevated during the following 4 
weeks causing increasing respiratory disturbance. In this case, the most prob¬ 
able cause of -the paralyzed diaphragm would appear to have been inadvertent 
trauma to the phrenic nerve during removal of the teratoma. In retrospect, the 
paralyzed diaphragm should have been repaired by surgery earlier. 
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Disappeaiaucei of the sereie dyspnea following opeiati\e lotum of the left 
hemidiaphiagm to a low ei eel position was quite diamatic The left lung could 
not fully expand to fill the space that had been occupied by the elei ated lieini 
diaplnagm until adhesions between lung and chest wall as a icsult of pievious 
thoiacotomv, weie sepaiated The lung then expanded easily to fill the entne 
left hemithoiax The infant bioathed noimalh thereaftei, although the 
diaplnagm lemamcd motionless 

In discussing e\entiation of the diaplnagm m infancy, Bishop and Koop” 
lecentlj emphasized the lelief of lcspnatoiy disticss that follows the lowering 
of a paialyzed diaplnagm These nitliois lecommend excising a geneions full 
thickness ellipse fiom the cential aiea of the diaplnagm and imbricating the fiee 
edges Otlicis have used plication, especially in tme e\entiation piesenting a 
tlun oi atiopie diaplnagm, without incising the diaplnagm We decided 
against opening the diaplnagm because of the extia time lequned fot hemostasis 
and sutuiing in this entically djspneic infant It also eliminated the necessity 
of dopicssing abdominal \isccia that might tend to herniate upwaid, as well as 
leduce the possibilitr of accidental input to the spleen 

A low tlioiacotomj appioach allow id piopci imeision of the derated 
diaplnagm lesultmg in a cential fold wlieie the ledundant dome was depicssed 
into the abdomen A low of mteiuipted sntuics quickly placed, held the 
diaphragm in this flattened, depicssed position The sutiuo line was then le 
nifoiced by sutunng a patch of knitted Daeion mesh to the diaphiagm aiound 
this aiea Oiu experience with this foim of pliable synthetic mesh foi 10 
mfoieing tissue deflcicncios of the diaplnagm has been most satisfactory to 
date' 2 Admittedly, this also could lime been lepaiicd by imbiieatmg the 
icdundant musculai diaphiagm dome winch might have added a little extia 
mtratlioracic bulk at the diaplnagm Ie\el The point to be stiessod, horver or, 
is the need foi leeogmzing that seveie icspnatoij distiess may he associated 
with a paialyzed diaphiagm in infancy and that the condition may he offec 
tively collected by a relatively simple opeiatire pioccduic of lowenng the 
derated diaphragm 

sunn vr\ 

1 A laige mediastinal tciatoma was suecessfulh lemoicd tiom a piematitie 
infant 2 dais aftei birth 

2 A paialrzed left diaphiagm (atquiud ex entiation) was lcpancd sexeial 
weeks aftei the teratoma had been lcmoxid b\ using a iemforcmg patch of 
knitted Dacron mesh Dyspnea diamatically disappcaied following lepan of 
the derated diaplnagm 

3 The liteiatme on mediastinal tciatomi in mt.iner, both inside and out 
side the pericaiduun, is leriewed Points of niteiest fiom this ease and tin 
liteiatme aic discussed 
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RESECTIONAL THERAPY FOR PULMONARY TUBERCULOSIS 
AT SUNMOUNT, 1950-1957, 807 CASES 

III An Evaluation of the Technique of Reconstitution 
of the Lung in Segmental Resections 

Victoi M Kimel, /U D ,* Sunmonnt, N Y 

T he problem of what to do with the taw smlaces of the lung aftei a s>eg 
mental xesection is still a mattei of some control eisj In 1956, Di Bell 1 
lenewed the diffcient thoughts oil this subject and, at the same time, descubed 
lus technique of lcconstitution of the lung 

Bj lcconstitution is meant the approximation of law suifaces, the obliteia 
tion of mtiapulmonaij dead space, and the buiung of the bionclnal stump in 
lung tissue As a lesult, no law suifaces, but only pleural suifaces aie allowed 
to come m contact with the panetal plcuia It was Di Bell’s clinical nupiession 
that the incidence of postopeiative complications, especially space pioblems, was 
significantly i educed when the method of reconstitution was used 

To evaluate this clinical impicssioii cnticallj, segmental lesections and 
segmental lescctions with concomitant wedge lesections done at Sunmonnt be 
tween the jears 1950 to 1957, inclusive, weie studied Dining this 8 year 
period, a total of 348 segmental lesections and segmental resections with con 
comitmt wedge lescetion weie peiformed foi pulmonary tubeiculosis In 125 
cases, the method of leconstitution, as descubed In Di Bell, was applied In 
the other 223 cases, the law suifaces of the lung were not covered, hut weie 
allowed, on expansion, to come m contact with the parietal plcuia, and to “seal 
themselves” The incidence of majot and mmoi complications foi these two 
gioups of cases was determined Table I lists the incidence of space pioblems 
and liiajoi complications m the piesencc and absence of lcconstitution Maioi 
complications include empyema, fistula, and occult fistula The diffeienco m the 
majoi complication rate in the two gioups, 12 1 per cent versus 2 4 per cent, is 
notevvoithy Theie weie no deaths in the gioup of patients who had segmental 
lesections with reconstitution, and thiee deaths in the othei gioup One of 
these deaths occuned 3]/o months postopeiativelj when an occult fistula cioded 
into a pulmonarj artery A second death occurred postopeiativelj fiom a bleed 
mg diathesis The third death occuricd 4 davs postoperativcly fiom caidiac 

From the "Veterans Administration Hospital Sunmount New York 
Received for publication May 20 1959 
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arrest, which Avas probably precipitated massive subcutaneous emphysema 
and air leak which persisted despite complete expansion of the lung according 
to x-ray evidence. The latter 2 cases are not included under the major complica¬ 
tions as defined above. Their addition would raise the total number of serious 
complications to 29, or 13 per cent. 

Table I. Complications ix Segmental Resections and Segmental and Wedge Resections, 

With and Witiiovt Reconstitution 



rosTor. 

SPACE 

PROBLEMS 

MAJOR. 

COMPLICATIONS 

OPERATIVE 

DEATHS 

Segmental resections with reconstitution 

38 

3 

0 

125 Cases 

(30%) 

(2.4%) 


Segmental resections without leconstitution 

107 

27 

3 

223 Cases 

(48%) 

(12%) 

(1.3%) 


The difference in the incidence of space problems in the two groups, 48 per 
cent versus 30 per cent, does not appear too striking on superficial examina¬ 
tion. But if we divide the postoperative space problems into three categories 
in an attempt to grade the morbidity, the differences become more pronounced. 
In Table II postoperative space problems have been divided into three cate¬ 
gories: (1) spaces which require no further therapy and disappear spontane¬ 
ously, (2) spaces which require relatively minor additional treatment, namely, 
intubation, and (3) spaces which require thoracoplasties. The incidence of 
spaces requiring no additional treatment is the same in the two groups; but 
space problems which required additional treatment occurred three and a half 
times more often when reconstitution was not canned out. 


Table II. Space Problems in Segmental Resections and Segmental and Wedge Resections, 

With and Without Reconstitution 


| SPACE 

1 REQUIRING NO 
! SPECIFIC RX 

SPACE 

REQUIRING 

INTUBATION 

SPACE 

REQUIRING 

THORACOPLASTY 

Segmental resections with reconstitution 

30 

8 

0 

125 Cases 

(24%) 

(0.4%) 


Segmental resections without reconstitution 

55 

47 

5 

223 Cases 

(25%) 

( 21 %) 

( 2 %) 


Since it was a frequent practice at this hospital during the early days of 
wedge resections to allow raw lung surface to remain after simple wedge re¬ 
sections, it was thought desirable also to study a group of pure segmental re¬ 
sections. By eliminating those cases in which a wedge resection accompanied 
a segmental resection, the group for evaluation was reduced to 193 cases. In 
this group, 85 cases represent segmental resections with reconstitution, and 108 
eases segmental resections without reconstitution. In Table III the incidence of 
space problems, space problems requiring treatment, and major complications 
for the group of pure segmental resections is summarized. The findings here 
are entirely comparable Avith those in the larger group Avhicli includes con¬ 
comitant Avedge resections. 
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Table III Complications and Space ProDLEMS in Puke Segmental Resections, "With and 
Without Reconstitution 



SPACE 

PEQUlRIhG 

NO SPECIFIC 
THER \P\ 

SPACE 

requiring ! 

INTUBATION | 

SPACE 

PEQUIPIRG 

Til OP A COPLAST\ 

MAJOR 

COMPLICATIONS 

Segment'll resections vith 





reconstitution 

16 

5 

0 


85 Cases 

(19%) 

(6%) 


(21%) 

Segment'll resections with 

out reconstitution 

29 

21 

1 

16 

108 Cases 

(27%) 

(M%) 

(0 9%) 

(15%) 


DISCUSSION 

The above figuies cleaily indicate that the incidence of space pioblems, 
especiallj seiious space pioblems, and majoi complications is significantly less 
when lcconstitution is earned out The fact that the incidence of space pioblems 
which leqnne no additional tieatment in the two gioups of cases is appioxi 
matcly the same suggests that the mechanics of filling space, namelj, expansion 
and shift, are not significantly alteied b\ the technical manemei of reconstitu¬ 
tion Ilowevei, tile gieatei incidence of space pioblems lequiring additional 
tieatment in the gioup without lcconstitution suggests that significant tiouble 
some postopciatne air leaks aic minimized bj the technique of leconstitution 

One may now question whethei the two gioups aie compniable in otliei 
respects The anatomic location and numbei of segments lemoved m the two 
gioups have been analyzed and found to be completely compaiable It was also 
found that the extent of the icseetion did not coirelate with eithei majoi com 
plications oi space pioblems As the majority of lesections without rcconstitu 
tion W’as earned out pnoi to 1954, theie ina\ exist some diffeicnco in the cliemo 
theiapy co\erage available With this point in mind, chemotherapy cojeiage in 
the complications was evaluated Chemotheiapj coiciage was giaded as good 
and pool, as defined elsewheie " It was found that 50 pel cent of the patients 
with major complications in the non reconstitution group had good chemotheiapj 
coieiagc Empjemas m this gioup weic nontuberculous bj culture Surpns 
mgly, a large numbei of patients who had complications while on pool ehemo 
therapy coveiage also had nontubci colons empyemas bj cultuie and no sub 
sequent evidence of actne tubeiculosis Of the tlnee complications in the group 
of segmental resections with lcconstitution, 2 patients had pool drug coverage, 
and one patient had good chemotheiaps 

The high incidence (50 pci cent) of patients with good cliemotherapj 
coieiage and complications in the gioup without lcconstitution, and the fact 
that ten of thirteen empyemas m that gi oup failed to culture tuhci culous oi gan 
isms, strongly suggests that the complications encountered aie fiequentlj not 
due to underlying tuberculosis These data strongly suggest that the comlnna 
tion of contamination from an leak plus a comement cultuie medium supplied 
h} law lung suiface are the offenders 

The complications in the gioup with lcconstitution consisted of two non 
tnbeiculous empjemas and an accult fistula in a patient with pool clicmothciapj 
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coverage. Seven occult fistulas arc included among the twenty-seven major 
complications for the combined segmental and wedge resections without re¬ 
constitution, while the sixteen major complications in the pure segmental re¬ 
sections without reconstilution include five occult fistulas. 

SUMMARY 

1. One hundred and twenty-five combined segmental and wedge resections 
with reconstitution, and a similar group of 223 cases without reconstitution 
have been analyzed as to postoperative complications as determined by the in¬ 
cidence of space problems, fistulas, empyemas, and occult fistulas. A smaller 
group of pure segmental resections has been similarly studied. 

2. It has been shown that there is a significantly higher incidence of major 
complications and space problems in segmental resections without reconstitu¬ 
tion. 

3. A large percentage of the complications encountered occurred in the 
presence of good chemotherapy coverage and were due to infection with sec¬ 
ondary organisms. 

4. The conclusion is drawn that the anatomic situation, comprising the 
conical segmental defect with raw lung surface exposed to pleural cavity, plus 
secondary, contamination from air leaks, is favorable lo the development of 
secondary infections and should therefore be avoided. 

5. Reconstitution of raw lung surfaces presents a method of avoiding the 
undesirable anatomic situation, of reducing serious air leaks and, therefore, 
markedly reduces the incidence of serious postoperative complications. 
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BRONCHOGENIC CARCINOMA- COMPARISON OF NATURAL 
COURSE AND TREATMENT WITH RESECTION, 
X-RADIATION, AND NITROGEN MUSTARD 


Felix A Hughes, Ji , M D, ]ames W Pate, AI D * and 
Roget E Campbell, Al D , Memphis, Tenn 

T his is a ieport of a gioup of 547 consecutive pio\ ed bionchogcnic caiemomas 
in patients who have all been followed tor 6 months to 12 years This senes 
is unusual because the 30 day mortalitj aftci lesection was less than 3 per cent, 
because lobectomy was almost as fiequcnt as pneumonectomy, and because 37 
pci cent of the patients subjected to lesection and o\er 10 pei cent of all patients 
weie alno 5 years after pioved diagnosis Meade and co woikcis, 1 in 1946, re 
poited the expciiences with lobectomy horn, one of. the Aimy’s largei chest suigi 
cal centers and this sen ice has been continued by the Veterans Administration 
at Kennedy Hospital The authors believe that this extensive backgiound of 
chest specialization and continuation of full time intci est is responsible foi this 
series of patients 


Table I PrESENTiKO Symptoms 


SYMPTOM 

PUPATION BCFOrn IIOSPITALIEATION 

PER CENT OF 
CASES 

0 TO 3 MO 
(%> 

MORE THAN 

24 MO 

m 

A\EPAGF 
(MO ) 

Cough 

Go 2 

35 8 

38 5 

78 

Gross bleeding 

35 G 

20 0 

21 8 

11 0 

Chest pnm 

37 1 

3S 4 

13 7 

SG 

height loss 

34 4 

36 0 

128 

7 7 

D>spnca 

24 G 

33 9 

26 0 

11 G 

Fever 

11 G 

48 3 

8 3 

99 

\\ cahncss 

81 

52 4 

9 5 

G 7 

Routine x ra\ 

73 

— 

—. 

—• 

Tomt pains 

70 

— 

— 

— 

Hoarseness 

50 

_ 

— 

— 

Pneumonia 

50 

_ 

— 

— 

Palpable masses 

40 

_ 

— 

— 

Back pain 

30 

_ 

— 

— 

Wheezing 

30 

— 

— 

— 
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DIAGNOSIS 

The occurrence of various presenting symptoms is shown in Table I. Over 
60 per cent of the group experienced symptoms more than 3 months before 
hospitalization. 

Twenty-one per cent of the patients showed no abnormalities on physical 
examination at the time of admission. An additional 34 per cent showed no 
significant abnormalities outside the chest. 

The admission x-ray findings are reported in Table II. Only 7 per cent 
of the lesions .were less than 3 cm. in diameter, and 73 per cent were over 6 cm. 
in diameter. 


Table II. X-ray Findings on Admission (523 Cases) 





1 

XUMIIEIl 

| I’EK CENT 


Mass in lung 



090 

42.4 


(a) Multiple 

20 

3.8% 




(b) “Pancoasts” 

8 

1.5% 




Ililar mass 



115 

22.0 


“Soft” infiltrates 



84 

HU 


Atelectasis 



02 

11.9 


Effusion 



52 

9.9 


Rib erosion 



27 

5.2 


Cavity in lung 



22 

4.2 


Negative 



19 

3.G 


Emphysema, only 



10 

3.1 


ion 



15 

2.9 


■ • 



0 

1.1 

_ 

Spine erosion, only 



3 

O.G 


The diagnosis was proved by surgery in 38 per cent, by bronchoscopy in 
29 per cent, at autopsy in 20 per cent (not suspected prior to death in 6 per 
cent), and by supraclavicular node dissection in 13 per cent. 

Supraclavicular node dissections were performed on more than 100 patients, 
but gave histologic proof of cancer in only 20 per cent of these cases. When 
palpable nodes were absent, the procedure was of little help in making the 
diagnosis. 

Cytologic examination of the sputum was disappointing as a diagnostic aid 
during its first few years of use. However, analysis of the results in the last 
2 years reveals 81 per cent accuracy with only 4 per cent false positives. 

It was difficult, in many cases, to differentiate a inelastic cancer from a 
primary bronchogenic carcinoma. In 15 cases in which a diagnosis of metastatic 
tumor was made, autopsy revealed the pulmonary mass to be a primary broncho¬ 
genic carcinoma. In 20 additional cases, the clinical diagnosis of tuberculosis, 
pneumonia, or brain tumor was proved by autopsy to be bronchogenic cancer. 

SELECTION FOR SURGERY 

The most impoitant factor affecting the operative mortality rate and 5-yeai 
survival is the selection of patients for surgery with localized or relatively con¬ 
trolled cancer. 
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A 1- to 2 week pcuod of obseivation allows mam suspected cases to be ex 
eluded hom siugeiy due to dealing of the lesion oi to detection of pievioush 
obseuie metastasis Attei cancel lias metastasized, any smgieal pioceduie is 
usualh futile, oftcis false hope to the patient and family, and is unnecessanh 
derogatory of definitive suigeiv due to the associated high opciative moitality 
rate oi eaily death of the patient 

We have consistenth leconnneuded resection of pulmonuiy lesions aftei 
failuie of diagnosis oi medical thciapy This has resulted m many cases, m 
the lemoval of von carh tumois Several lobes lemoved foi chionic inflam 
matorv disease have lcvealed eaieinoma, almost of the in situ tjpe 

Contraindications to suigeiv included obviously terminal cases (15 4 pel 
cent), distant metastases (23 9 per cent), local extension (16 6 pci cent), to 
healt, brachial plexus, libs, trachea (18 per cent), and diapluagm (13 pei 
cent), or malignant effusions (2 2 pei cent) A few patients lefnsed suigeiv 
(0 9 pci cent) 

Tumor invasion ot the left leeuiient neive oi eithei phienic nerve was 
piesent m some patients in whom the lesion remained localized to an aiea which 
could be eompletclv resected Occasionally, these patients survived ovei 5 yeais 

Realization that smgerv offeied a fail hope of cuie and a low mortalitv 
led to bioadenmg the entena foi opeiation and a willingness to offei resection 
to all patients without eleai cut evidence ot incurability Foity one pei cent 
of all patients vvoie opeiated upon 

SURGERX 

One bundled thirty seven patients had pulmonaiy lesections (60 3 pci 
cent of the opeiated cases, 25 pei eent ot all cases) Squamous carcinomas were 
found the most likely to bo lesectable, and alveolai cell caicinomas least likely 
(Table III) We pietei to perfoim lesections in all cases possible since it is 
not appaient fiom cluneal studies which patients may be cured and which will 
obtain only palliation 


Table HI Histology 




PFF CENT 


PER CENT 

5 YEAl 

SUPVIVAI 


IILL TV IF 

M MBIT 
OI CASFS 

TOT VI 
CASIS 

rri cent 

OPFPAI31 F 

TFSFCT 1 

ABIE 1 

RrSECTED j 
CASFS ] 

VIL CASES 

Anaplastic 

1*M 

35 3 

42 5 

46 

21 

(4/741 

5 4 

fcqunmous 

Poorlj differen 
tinted bTonclio 

160 

30 9 

39 4 

7S 

42 

(10/70) 

14 3 

genic 

120 

21 9 

34 0 

66 

47 

(7/81) 

8 G 

Vdcnocarcinoma 

55 

10 1 

5S0 

oO 

30 

(3/40) 

7 5 

Alveolar 

10 

1 s 

40 0 

20 

0 

(0/2) 

00 

1 otaK 

547 

100 

41 1 

GO 

37 

(24/267) 

9 0 


Aftei lobectomy' or pneumonectomy, the mediastinum is now dissected and 
all obvious lymph nodes icmovcd, but this was not always done Intrapcricardial 
dissection of the vessels was frequent, although not loutinc Lobectomy has 
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been consistently piefeired because of the maiked disability noted in healthy 
joung patients snbiected to pneuinoncctoniy befoie 1945 Om lesnlts following 
lobectomy done before 1952 neie good (3G per cent 5 yeai suivnal) This 
finding led us to extend the indications foi lobectomy m the next 2 yeais with 
a maiked diop m the suivrval late 



tig 1—Results of \arioua forms of treatment In improving the prognosis of patients with 

cancer of the lung 



Fig 2—Sur\i\al of patients receiving different forms of treatment. 

The operating room mortality was 18 pei tent for pneumonectomy (0 m 
the last 10 yeais) and 0 per cent foi lobcctomj No othci patient having 
pneumonectomy died within 30 dajs of suigcrv, but 2 of those having lobectomv 
died The causes of death vveie metastatic cancel and ceiobiovaseiilai accident 
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ANCILLARY THERAPY (FigS. 1 and 2) 

If there was cloubt of complete removal of all tumor by the resection, 
nitrogen mustard and/or x-radiation was also given. These agents were given 
to 23 patients (42 per cent) having pneumonectomy and to 27 patients (60 per 
cent) having lobectomy on our sen-ice. 

We are currently in a cooperative study on the effects of simultaneous 
chemotherapy and surgery. None of the cases placed on these protocols has 
been included in this report. 

Of the patients explored without resection, 73 (81 per cent) received 
x-radiation mustard therapy or both. There was apparently some favorable 
effect from these agents in this group. 

One hundred and eight patients (19.7 per cent) were given no specific 
cancer therapy. This group included a few patients who refused all aid, as 
well as the obviously terminal cases. 

When cure is not possible, we employ an aggresive approach aimed 
at giving a maximum enjoyment of remaining life. Tranquilizers, adequate 
feeding, x-radiation, and chemotherapy are used to the maximal extent and 
as often as possible. Those agents are not withheld until needed for pain control. 

RESULTS 

Survival time (Figs. 1 and 2, and Table TV) was considered to be from 
the time of original admission to the hospital to death, unless the patient was 
operated upon, in which case it was from the day of surgery to death. 

“Curative’' resections are those in which the staff did not use x-radiation 
or nitrogen mustard within the first 3 months following surgery, and “pal¬ 
liative" are those who were given x-radiation or nitrogen mustard during the 
postoperative period. The decision to use x-radiation therapy is based on many 
factors, such as the microscopic appearance of the lymph nodes, proximity oi 
tumor to lines of resection, invasion of vessels, etc. 

It is apparent that in those eases in which x-radiation and/or mustard 
therapy was selected, the choice was appropriate, since the 5-year survival rate 
was only about 15 per cent as opposed to the 63 per cent rate in those cases in 
which these agents were not employed. Of course, metastases which became 
apparent and were treated within 3 months of surgery could bias these data 
in favor of the “curative” resections. While this did occur, it was not common. 

It is possible to obtain as satisfactory results with lobectomy as with pneumo¬ 
nectomy in properly selected cases. 

Factors which influenced the decision to do a lobectomy included: absence 
of involvement of primary or intermediate bronchi, main pulmonary artery, 
or fissure; peripheral location, particularly in the upper lobes; and poor pul¬ 
monary reserve (by clinical estimation). 

Table IV shows that exploration followed by x-radiation and/or nitrogen 
mustard therapy gave results which were better than no treatment and in the 
same range as x-ray therapy alone. 

Nitrogen mustard has been used in 96 cases in this group: in 21 as t m 
sole therapy, in 30 in conjunction with x-ray therapy, in 21 of exploration, 
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and m 24 of resection The sunival data do not reveal an effect fiom the ding 
hovvevci, our clinical feeling is quite the conti ary In a few incidences, the le 
sponse to nitrogen mustard has been giatifymg 

X-ray thciapy was used as the sole specific treatment m 1G1 cases and in 
conjunction ruth otlici inodes of therapy in 166 additional cases for a total of 
327 cases (73 pci cent of the senes) When used alone the Syeai smvival 
late was 0 and the mean smvival tunc was only 9 4 months Hon ever (Fig 
1), x lay tlieiapv offeis a clear cut mciease in the probability of living between 
1 and 2 years, aside fiom palliation 

Since many of om patients were tiansfened to us fiom otlici hospitals 
and these data aie biased due to lefcnal foi terminal caie oi \ ladiation 
theinpj, we have made a sepaiate analysis of patients who weie admitted fiist to 
om hospital 

Results in Kennedy Patients —Excluding the 53 cases trausferied heie 
foi tciminal caie, and the 67 patients operated upon elsewhere befoie referral 
there remained 427 patients who weie citliei available foi therapy oi vveie seen 
foi the first admission at oui hospital Of these 427 cases, 209 were admitted 
ovei 5 yeais ago 

In 136 eases there was no evidence of extension or metastasis at the time of 
enteiing the hospital Twenty three of these patients were alive 5 years aftei 
admission This gives a 5 year suivival late of 16 9 per cent foi those patients 
admitted before obvious signs and symptoms of extension or metastasis had 
become appaient The 5 year survival mte of all patients admitted originally 
to this hospital is 11 5 per cent (24/209) 

We have complete information m 371 cases as to sites of extension The 
panetal pleura was invaded by direct extension m 59 cases (15 9 per cent) The 
nhs weie involved m 43 patients (11 6 per cent), pericardium m 28 (7 5 pei 
cent), othei lung m 3 5 pei cent, heart rn 2 7 per cent, superior vena cava in 
19 per cent, aorta in 1 9 pei cent, and esophagus m 13 per cent 

Sites of metastasis are shown m Table V It is seen that the letiopcritoneal 
structures, i e , adienals, livei, Kidneys, and pmcieas, were frequently involved 
This may be accounted foi by the direct lymphatic connections fiom the lung 


Taelf V Sites of Metastasis (274 Complete Autopsies) 


: 

NO OF 1 
OASES 

PFr CENT 


1 NO OF 

| CASFS 

( PFP Cf NT 

Mediastinal nodes 

157 

57 3 
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Spleen 

34 

12 4 

Bone 

101 

36 9 

Gut 

25 

9 1 

Ln cr 

89 

32 5 

Th> roid 

18 

G 6 

Ividnev 

63 

23 0 

Skin 

14 

5 1 

Lung 

58 

91 2 

Prostate 

4 

1 5 

Brain 

50 

18 2 

Gall bladder 

3 

1 1 

Heart 

43 

15 7 

Pitmtarj 

3 

1 1 

None 

37 

13 5 

Bladder 

1 

04 

Pancreas 

36 

131 

Testis 

1 

04 


to this region The lugli late of involvement of the adienals should always be 
Kept m mind when shock persists aftei surgery Pi act really no structure in 
the body is immune to metastatic implants 
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SUMMARY 

1. Five hundred forty-seven consecutive proved cases of bronchogenic car¬ 
cinoma with follow-up of all patients arc analyzed. The median age was 58 
years. 

2. The average duration of symptoms before hospitalization was over 8 
months, and 16 per cent of the patients had symptoms over 2 years before being 
admitted. Seven per cent of the patients had abnormal routine chest x-ray 
studies in the absence of symptoms; 65 per cent had a mass demonstrated on 
roentgenograms of the chest, and these masses exceeded 6 cm. in diameter in 
73 per cent of cases. 

3. The operability rate was 41.4 per cent of all patients admitted; the re¬ 
sectability rate was 60.3 per cent of those patients operated upon. 

4. Lobectomy in properly selected cases gave results comparable to pneu¬ 
monectomy. The operating room mortality was less than 1 per cent, and the 
30-day mortality slightly over 2 per cent. 

5. The 5-year survival rate after resection was 37 per cent. 

6. High voltage x-radiation and nitrogen mustard therapy earned a place 
in prolonging useful life and in palliation. 

7. The 5-year survival rate of all patients with bronchogenic carcinoma 
originally admitted to this hospital was 31.5 per cent (24/200). 
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Original Communications 

PERFORMANCE OF THE STATIONARY VERTICAL-SCREEN 
OXYGENATOR (MAYO-GIBBON) 

Manly B. Levin, M.D.,* Richard A. Theye, M.D.,** Ward S. Fowler, 
Al.D.,*** and John W. Kirklin, M.D.,**** Rochester, Minn. 

S ome general information on the transfer of oxygen in the stationary 
vertical-screen oxygenator (Mayo-Gibbon) with blood flowing at rates 
of 160 to 260 ml. per minute per screen lias been published. 1 The present 
study confirms the previous impression that the performance of this apparatus 
is reproducible and indicates further that oxygen transfer is related to the 
amount of reduced hemoglobin entering the oxygenator. 

METHODS 

Oxygen tension in blood was measured by a polarographic method using the 
Clark oxygen electrode. 1 The electrodes were calibrated at the temperature 
observed at the electrode during the perfusion. Three calibration points were 
obtained, and a calibration line for each electrode was constructed. 

The oxygen content, oxygen capacity, and carbon dioxide content of the 
blood were determined according to the method of Van Slykc and Neill. 3 The 
amount of hemoglobin was calculated by dividing the corrected oxygen 

Prom the Mayo Clinic and Mayo Foundation. Rochester, Minn. 

The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the 
University of Minnesota. 

This investigation was supported in part by Research Grant No. 11*3588 from the Na¬ 
tional Heart Institute. U. S. Public Health Service. 

Received for publication June 1, 1959. 

•Fellow in Surgery, Mayo Foundation. 

••Section of Anesthesiology, Mayo Clinic. 

•••Section of Physiology. Mayo Clinic. 

••••Section of Surgery, Mayo Clinic. 


417 



418 


LEVIN, THEYE, FOWLER, KIRKLIN 


J. Thoracic and 
Cardiovas. Surg. 


capacity 4 by 1.34. The amount of dissolved oxygen was calculated in Cases 
1 through 10 from the oxygen tension observed at the appropriate oxygen 
electrode and the solubility coefficient for whole blood (0.023 ml. [STPD] of 
oxygen per milliliter of solution at an oxygen pressure [p0 2 ] of 760 mm. Ilg 
at 37° C.). 4 In Cases 11 through 17, the amount of dissolved oxygen was as¬ 
sumed to be 0.1 and 0.3 volume per cent, respectively, in samples obtained 
from blood entering and leaving the oxygenator. The amount of oxyhemo¬ 
globin was calculated b} r subtracting the amount of dissolved oxygen from the 
total oxygen content and dividing the remainder by 1.34. The percentage 
saturation of hemoglobin with oxygen was calculated as 100 x (concentration 
of oxyhemoglobin -f concentration of total hemoglobin). The amount of re¬ 
duced hemoglobin was obtained by subtracting the oxyhemoglobin content 



from the total hemoglobin content. The amount of oxygen added per screen 
was calculated from the difference in oxygen content of blood entering and 
leaving the oxygenator and from the screen flow; it included both chemically 
combined and dissolved oxygen. The pH was determined at 37° C. in a 
Cambridge Research Model pH meter. The carbon dioxide pressure (pCCL) 
was estimated from the Singer-Ilastings nomogram. 5 Methods used for the 
in vitro study were different only in that the percentage saturation of hemo¬ 
globin was determined with a "Wood cuvette oximeter, 0 and the calculated 
rates of oxygen transfer did not include any oxygen in physical solution. 

The sui’faee area in square meters for patients weighing more than 15.5 
kilograms was obtained from a height-weight nomogram based on the DuBois 
formula. The surface area of patients weighing 15.5 kilograms or less was 
obtained from a table based on weight. 7 Basal consumption of oxygen in the 
first group was calculated from values based on age, sex, and surface area ; 
in the second group, it was determined from values based on sex and weight. 
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PROCEDURE 

The performance of the oxygenator was studied during the normothermic 
perfusion of 17 patients and during one in vitro study. During total cardio¬ 
pulmonary bypass, the recirculation line was closed (see Fig. 1 for the flow 
circuit). Blood passed from the venous reservoir through the oxygenator once 
and then into the arterial system of the patient. The oxygenator was 
ventilated with 98 per cent oxygen and 2 per cent carbon dioxide at a flow 
rate of 10 L. per minute. The design of the individual screen (30 cm. wide, 
60 cm. high) has been published. 1 Screen flows were established prior to the 



institution of perfusion and remained unchanged throughout each individual 
perfusion. Anesthesia was accomplished by the use of thiopental sodium, 
nitrous oxide, and succinylcholine. 

Fig. 2 illustrates the manifold that provided for the placement of an 
oxygen electrode, a thermistor and a sample cock in the lines entering the 
oxygenator (A in Fig. 1) and leaving it (B in Fig. 1). In a preliminary 
study, the oxygen tensions observed at site B were not different from those 
observed at a second site distal to the arterial fdter (C in Fig. 1). In Cases 1 
through 10, oxygen tensions were determined at sites A and B at 1-minute 




Table I. Data During 17 Clinical Perfusions With the Vertical- Sceken Oxygenator 
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intervals. In Cases 6 througli 17, duplicate samples of blood were drawn at 
these sites 15 to 20 minutes after institution of perfusion and were analyzed 
for oxygen content, oxygen capacity, carbon dioxide content, and pH. 

In the in vitro study, dog blood at 37° C. was desaturated in an isolated 
dog-lung preparation and pumped to an experimental oxygenator containing a 
single screen (25 cm. wide, 60 cm. high). A range of flow rates* (58 to 465 
ml. per minute) or saturation (1 to 69 per cent) or both for the blood enter¬ 
ing the oxygenator was obtained by altering the pump setting or by changing 
the gas mixture with which the isolated dog lung was being ventilated. 



Fig 3 —Oxygen tension in blood entering and leaving the oxygenator during whole-body per¬ 
fusion in Case 8 See text for details 


RESULTS 

The accompanying Table I summarizes all data obtained during the clinical 
perfusions In Cases 1 through 11, the screen flow ranged from 204 to 237 ml. 
pci minute per screen, averaging 220; in Cases 12 through 17, the screen flow 
ranged from 274 to 291 ml. per minute per screen, averaging 2S0. The hemo¬ 
globin content ranged from 12.0 to 12 5 Gm. per 100 ml. of blood, averaging 
13 1. The remaining data in the Table will be considered in conjunction with 
Pigs 3 through 6 

The pattern of changes in oxygen tension observed in Case S (Fig. 3) Mas 
present in the 10 perfusions in which oxygen tension was measured. After 
filming, equilibrium was reached between the oxygen in the blood and that in the 

30 

♦Flow rates In this study were the obserxed rates multiplied by —r In order to be com¬ 
parable to the rates of the clinical per tuslon. In which a screen 30 cm fn width was used 
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air within the oxygenator. "With the introduction of 98 per cent oxygen, the 
oxygen tension in the blood leaving the oxygenator began to increase. "With 
-the entry of desat-urated blood from the patient, the oxygen tension in the blood 
entering the oxygenator decreased precipitously for 1 to 2 minutes and then 
became constant. During the 35 minutes of total bypass, the tension of oxygen 
in the blood entering and leaving the oxygenator was essentially constant. Re¬ 
lease of the tapes on the venae cavae resulted in a reduction of the venous re¬ 
turn to the machine. As a consequence, recirculation of blood through the 



gm./screen/mm. 

Fig. 4.—Performance of oxygenator screen at flows of 220 and 2SO ml. per minute per screen. 

See text for details. 

oxygenator occurred, with an increase in the tension of oxygen in the blood 
entering and leaving the oxygenator. While a range of oxygen tension was 
observed in blood entering (37 to 60 mm. Hg) and leaving (105 to 280 mm. Hg) 
the oxygenator in the 10 eases, the tension of oxygen in blood entering and 
leaving the oxygenator was always steady in each individual perfusion during 
the period of total bypass. 

Fig. 4 presents the performance of the stationary vertical-screen oxygenator. 
The straight line indicates complete conversion of reduced hemoglobin to 
oxyhemoglobin. Points lying on this line indicate 100 per cent saturation of 
the blood leaving the oxygenator and were observed at screen flows of 220 ml. 
per minute; points below the line indicate desaturated blood leaving the 
oxygenator and were uniformly observed at screen flows of 280 ml. per minute. 
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At the foimer flow the rate of oxygen transfer was dnectly related to the rate 
at which leduced hemoglobin entered the oxygenatoi, at the lattei flow, -while 
both these rates were generally greatei, the relationship between the two rates 
is not clear and is clarified m the in vitio study (Pig 5) The amount of 
1 educed hemoglobin entering the oxygenator was increased by keeping the 
actual rate of flow constant and increasing the degree of desaturation m the 
incoming blood and also by meieasing the rate of flow while maintaining a 
fairly constant incoming saturation Increasing the rate at which reduced 
hemoglobin entered the oxygenator by cither maneuvei resulted m an increase 
in the rate of oxygen tiansfei in the oxygenator 



REDUCED HEMOGLOBIN ENTERING 
grn^screen/m n 

Fig 5 -—In \ itro pcrform-ince of the stationary vertical screen oxy senator using- dog blood with 
an oxygen capacity of 18 9 \olumes per cent 

Pig 6 indicates the relationships in 12 patients between the ohscried late 
of oxygen transfei in the 0 x 5 genatoi and the smface aiea of the patient The 
mean of all observations w as 131 ±20 (S D ) ml of oxj gen pei minute pci 
square metei of smface aiea, deviations from the mean amounting to 32, 47, 
and 22 ml of oxygen in Cases C, 7, and S weic the major contubutions to the 
magnitude of the standaid donation and aie belieied to be paitly the result 
of sampling and analytic enors The mean value of the basal oxjgen uptake 
piedictcd foi these 12 patients was 1G1 ml poi minute per squaic meter The 
obsened oxygen transfei was in one instance equal to and ill 11 instances 
smallei than the predicted basal oxj gen uptake 
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air within the oxygenator. "With the introduction of 98 per cent oxygen, the 
oxygen tension in the blood leaving the oxygenator began to increase. "With 
•the entiy of- desaturated blood from the patient, the oxygen tension in the blood 
entering the oxygenator decreased precipitously for 1 to 2 minutes and then 
became constant. During the 35 minutes of total bypass, the tension of oxygen 
in the blood entering and leaving the oxygenator was essentially constant. Re¬ 
lease of the tapes on the venae cavao resulted in a reduction of the venous re¬ 
turn to the machine. As a consequence, recirculation of blood through the 
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Fig. 4.—Performance of oxygenator screen at flows of 220 and 2S0 ml. per minute per screen. 

See text for details. 


oxygenator occurred, with an increase in the tension of oxygen in the blood 
entering and leaving the oxygenator. While a range of oxygen tension was 
observed in blood entering (37 to 60 mm. Hg) and leaving (105 to 280 mm. Hg) 
the oxygenator in the 10 cases, the tension of oxygen in blood entering and 
leaving the oxygenator was always steady in each individual perfusion during 
the period of total bypass. 

Dig. 4 presents the performance of the stationary vertical-screen oxygenator. 
The straight line indicates complete conversion of reduced hemoglobin to 
oxyhemoglobin. Points lying on this line indicate 100 per cent saturation of 
the blood leaving the oxygenator and were observed at screen flows of 220 ml. 
per minute; points below the line indicate desaturated blood leaving the 
oxygenator and were uniformly observed at screen flows of 280 ml. per minute. 
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further, that the oxygen uptake by the patient was steady. At flow rates of 
280 ml. per minute, single observations were made 20 minutes after the establish¬ 
ment of the perfusion. It is believed that these measurements are also repre¬ 
sentative of the steady state for several reasons. First, in the aforementioned 
study, oxygen tensions became steady well before 20 minutes. The second 
reason is evident from the oxygen-transfer rates (ml./min./sq. meter), in which 
no difference is apparent in the rates calculated during periods of constant 
tension at flows of 220 ml. per minute per screen and in those calculated from 
single observations made 20 minutes after the establishment of perfusion at 
flows of 2S0 ml. per minute per screen. These observations further imply that 
the steady state at screen flows of the latter rate was arrived at without a change 
in the oxygen uptake by the patient. It will be remembered that these patients 
were perfused with incompletely saturated blood. 

The performance characteristics of the oxygenator explain these observa¬ 
tions. The rate of oxygen transfer in the oxygenator is related to the rate at 
which reduced hemoglobin enters the oxygenator. This relationship is such that, 
up to a certain rate of incoming reduced hemoglobin, the rate of oxygen transfer 
will be sufficient to saturate fully all reduced hemoglobin with oxygen. “When 
the presentation of reduced hemoglobin exceeds this rate, the rate of oxygen 
transfer, while greater than that in the previous situation, will not be sufficient 
to saturate fully all entering reduced hemoglobin. Desaturated blood then will 
leave the oxygenator. The greater the degree by which this certain rate is ex¬ 
ceeded, the greater is the degree of desaturation in blood leaving the oxygenator, 
but also the greater is the rate of oxygen transfer in the oxygenator. There¬ 
fore, a necessary consequence of operating the oxygenator in such a fashion that 
desaturated blood leaves it is that the arteriovenous difference across the 
oxygenator and, therefore, across the patient is widened, and actual levels of 
oxygen in the patient are lower. 

SUMMARY 

During normothermic perfusions at a blood flow of 220 ml. per minute per 
screen, the vertical-screen oxygenator, ventilated with 98 per cent oxygen and 2 
per cent carbon dioxide, provided arterial blood with oxygen tensions of 105 to 
280 mm. Ilg and oxygen saturations of 98 to 100 per cent that remained constant 
throughout the perfusions. Increasing the screen flow to 280 ml. per minute 
per screen resulted in blood that had venous oxygen saturations of 63 to 70 per 
cent leaving the oxygenator with oxygen saturations of 90 to 99 per cent. The 
oxygen transferred by the oxygenator and utilized by the patients ranged from 
99 to 178 ml. per minute per square meter of body surface. The characteristics 
of the oxygenator permit the attainment of a steady state by increasing its rate 
of oxygen transfer when presented with increased amounts of reduced hemo¬ 
globin per minute. 

The participation in the in vitro studies of Mr. Richard E. Jones, of the Section of 
Engineering, and Dr. David E. Donald, of the Section of Surgical Research, and the 
technical assistance of Ruth Knutson and Richard Evjen are gratefully acknowledged. 
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A ROTATING DISC BLOOD OXYGENATOR 
AND INTEGRAL HEAT EXCHANGER OF 
IMPROVED INHERENT EFFICIENCY 

John J Osborn, M D , Al L Btamson, AC GI, and 
Fiank Gerbode, M D, San Ftancisco, Calif 


T he rotating disc, filming blood oxygcnatoi lias proyed to be a very satis 
factoiy instrument In its most poptilai form (the yanation bj Kay and 
Cross 1 ), it combines inherent simplicity with minimal tiaunia to the blood 
Yet, satisfaetoiy as they aie, cuncnt foims of tlie disc oxygcnatoi could be 
lmpioyed m two impoitant respects (1) it is desuable foi tlie ovvgenatoi 
to contain less blood wlulc exposing a largei suifacc to oxjgen, and (2) a largei 
heat tiansfer suifacc is desuable for lapid cooling and naming of the contained 
circulating blood 

The cuncntly populai t>Tie of 12 cm diametei disc oxjgenatoi is limited in 
its oxygenating efficiencj largely by tlie occm lence of foaming if tlie discs are lo 
tated too rapidly It is lestneted to a latlici laige contained yolume of blood (in 
lelation to the disc area exposed), mamlj foi the same leason, because foaming 
tends to occui if the loiel diops too Ion at normal lotational speeds, so that 
a latliei laige area of disc must bo undci blood at all times This is most 
likely because at any point on the loivci pcnpheij of the disc wlieic it is not 
immersed m blood, gianti is added to the centrifugal foicc and so tends to 
cause splashing \ihen the blood le\el is low Pmalh, the oxjgenatoi is limited 
in its abilitj to tiansfei heat by the latliei small aici of blood m dnect contact 
with the casing which cm be wanned oi cooled 

It is obvious that the oxygenating efficiencj of a disc oxjgcnator is iclatcd 
to the aiea of disc submerged in the blood tiough compaied with the wetted 
area of the disc exposed to oxjgen Thciefoic, a disc oxygenator is most 
efficient (as measuied lij latio of oxygenating suifacc to contained yolume) 
if the disc is yerj laige and dips onlj slightly into the blood tiough (Tig 3) 
However, the piactical size of the disc is limited by the limit oil the linear 
speed of the disc inn duo to foam foi motion at high speeds 

Expenmentallj, it can be shown that when disc, lotatc while dipping into 
blood a higlici urn speed can be nclneyed without foam formation it the clearance 


From the Departments of Pediatrics and Surgerj Stanford l niversitv School of Medicine 
Stanford Calif and The San * rancisco Institute of Medical Sciences San I ranclsco Calif 
Aided In part bj grants fiom the D £> Public Health Ser\Icc and The \merican Heart 
Association 
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between disc edges and easing is very small, so that a continuous meniscus 
of blood is continually present between disc and casing all around its periphery. 
If such a meniscus of blood is maintained all around the disc, then obviously the 
whole adjacent interior cylindrical surface is wet with non-stagnant blood and 
thus can be used as a heat-transfer surface. 

Based on these principles, an oxygenator has been designed which in¬ 
corporates marked improvements in oxygenating efficiency and heat-transfer 
characteristics over current disc oxygenators. 

11-8 cm. OXYGENATOR GEOMETRY 



Fig-, l.—Diagram of tlio geometry of an 11.8 cm. disc oxygenator. 

DESIGN DESIDERATA 

Disc oxygenators of 11 to J2 cm. disc diameter are presently widely used, 
and unless significant improvements on their performance could be realized the 
development of a new one would be unwarranted. Consequently, emphasis is 
laid in this report on direct comparisons with a standard 11.8 cm. disc oxy¬ 
genator. 1 

Geometry of the 11.8 Cm. Oxygenator .—A 21 inch long oxygenator with 
one hundred 11.8 cm. discs has a priming volume of 2.5 liters and, thus primed, 
an oxygenating surface of 1.33 square meters (per revolution), which is the 
maximum obtainable. In use, the discs are usually immersed to 4.1 cm., winch 
is 69.2 per cent of their radius. There is an 0.56 cm. clearance between the 
periphery of the disc and the cylinder or casing, through which blood and 
oxygen can flow. The recommended maximum rotation speed is usually 120 
r.p.m. The geometry is shown, full size, in Fig. 1. 

Geometry of Our New Oxygenator .—In order to improve the ratio of oxy¬ 
genating surface to priming volume it is clear, as already mentioned, that the 
discs must be immersed to a much smaller fraction of their radius, so that 
only a narrow annulus becomes wetted. This is illustrated in principle m h ig- -■ 
(assuming the same diameter discs were used). 

Since the immersed surface (plus the cross-sectional area of the blood flou 
channel) is proportional to the priming volume, it is obvious by visual eon - 
parison between Figs. 1 and 2 that the ratio of oxygenating surface to P 1 nru » 
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\olume is much better m Fig 2 than in Fig 1, tlicv aie, icspectivelj, 1 15 
and 0 58* Hovvevei, the oxjgenating smfaco is considcrabh smallei than 
in Fig 1, OSS squaie meteis as agamot 133 squnie motel’s Thcicfoie, to 
obtain adequate oxygenation with this moic efficient geometiv we must mciease 
the diametei of the discs A dnunetei ot 8% inches (21 cm ) is a com einent 
compionuse Hovvevei, vvheieas centufugal foice acting on blood at the penph 
cry of an 11 S7 cm disc rotating at 120 i p m is 0 90 g, on a 21 cm disc it is 

21cm OXYGENATOR GEOMETRY 



Blood channel 


Fig 2—Diagram of the geometij of our new 21 cm disc ox>senator 

1 7 g The tendency foi dioplcts to he flung off the discs and splash against 
the cylindci wall is theicfoie neaily doubled uith the lnigci disc, with con 
sequent dangei of foam foinntion We have i educed tins dangei by reducing 
the eleaianco between the discs and the cjlmdci wall to 0 016 inches, wlncli 
is small enough to he easih and consistcnth spanned bv the centnfugally 
foimed blood meniscus The blood then touches both disc and casing all the 
way aiound, and foam formation is much 1 educed 

Since tins airangcment leaves 100 m foi ncithei blood noi oxygen to flow 
awallv through the oxygenator, othei piovisions must ho made We liaxe 
piovidcd blood flow by a longitudinal channel at the bottom of the ejlmdci, 
the cioss section of which is a concentric annulai segment 0 63 cm deep, 
subtending an angle of about 64 degices This channel lias a cross sectional 
aiea equivalent to a 122 inch dnunetei cnclc, and wall peimit a 4 litei pel 
minute giavity flow undei a head of 2 inches t (This, therefoie, will he the 
oidei of maMinum diffeienee in level between the entiv and dischnigo ends 
of the unit) 

Owgen flow is made possible bv one % inch diametei hole in each disc 
neai the shaft On assembly each hole is oriented at 180 dogiecs to those 
m adjacent discs, so as to cncouiage mild owgen tmbulcncc between them 

Otliei important considciations in design aie applicability of cleaning 
techniques, and ease m stcnlization The picsent appaiatus lias theicfoie been 
designed and built entuely of paits which can he autoclaved, and access for 
cleaning is piovidcd to even place touching blood Ciaehs and lecesses hard 
to find with a brush have been avoided 


•The units tlsrd arc squnu meters rcr revolution <100 discs) divided by liters 
ratio may be rpgnrdc 1 ns a measure of cfflcienc} 


{Obtained bj actual test 


This 
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Detailed Design Specifications .— 

1. The main cylinder and discs arc made of stainless steel. 

2. The end-covers are made of transparent Kcl-F-plastic, reinforced with 
aluminum, which latter docs not come in contact with the blood. 

3. The blood inlet and outlet are vertical, below the discs. 

4. The blood outlet is provided with an anti-vortex baffle. 

5. A jacket is provided for hot or cold water circulation to provide 
temperature control. 

6. A two-stage rubber belt speed-reducing drive with motor attached to 
the unit are provided, so that the unit can be freely suspended and 
continuously weighed for accurate volume control. A voltage generator 
is similarly attached for speed measurements. 

7. Electric light bulbs are mounted inside end-covers to facilitate observa¬ 
tion of blood levels. 

8. A clip is provided at the output end of the oxygenator for a photocell 
level-sensing device. 

CLEANING AND MAINTENANCE 

The procedures for cleaning and maintenance of an oxygenator are of 
crucial importance. Our entire unit can be disassembled after use, and each 
part individually scrubbed and treated. The nearer the entire unit can be 
made chemically clean the better. As a minimum, every paid which can possibly 
touch blood should be scrubbed individually with appropriate detergent, then 
rinsed long and hard. All parts should then be dried and coated with baked 
silicone before each use. Several commercial silicone preparations are satis¬ 
factory. we have used an acetone solution of Dow-Coming DC! 107. All parts 
are dipped in this solution, and then baked at approximately 100° C. for one 
hour. 

Ideally, the previous silicone coating should be removed after each use, 
and all organic matter should be taken off by strong acid or a strong oxidizing 
agent. Where cleaning and maintenance are to be done in the hospital, complete 
disassembly with attention to each part may be necessary. However, where it 
is possible to handle washing in bulk, and where strongly caustic solutions can 
be handled safely in larger tanks, the whole assembly of discs-on-shaft can be 
handled as a single unit without taking it apart. 

By an arrangement with a local commercial laboratory, we have found it 
convenient to have the detailed cleaning take place outside the hospital. We will 
describe our technique as it has been found quite satisfactory, but a similar 
routine could easily be set up in many large hospitals, or modified by individual 
circumstances. Our procedures as described were planned with a view to: 
(a) transfer of a high proportion of the cleaning labor load from the hospital 
staff to an outside commercial laboratory; (b) reduction of total man-hours of 
cleaning per perfusion; (c) destruction of all pyrogenic substances; and (d) 
removal after each perfusion of the silicone coatings (which otherwise accum¬ 
ulate) and recoating with a fresh surface. We have accomplished these aims 
in the following manner. 
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Poi an ax ei age of fix e pei fusions pel week, ivc have ax ailable two cylindi leal 
stainless steel oxygenator casings and elexen disc shaft assemblies The disc 
shaft assemblies aie processed in lotation outside the hospital “ The discs aio 
nexei disassembled fiom the shafts and liandled singly, but each shaft disc 
assembly is piocessed as a unit Immediately aftei each perfusion the oxygen 
atoi is niised out mth xxatei and deteigcnt, and the shaft disc assembly is then 
remoied fiom the casing To facilitate tianspoit it is mounted in a light stain 
less steel cradle which forms the lid of a light galxanized steel box foi pioteetion 
in (truck) tianspoit Aftei insertion in this box the assembly is autoelaxed 
(foi the protection of the piocessois) and shipped to the piocessoi Piocessing 
is done tlicie hi immoision in appiopuate liquids without lemoval fiom the 
ciadles 

The tieatment consists of 

1 Immersion m 5 pei cent potassium hydi oxide in alcohol at GO to 70° C 
This lemoies the silicone coating 

2 Rinsing in watci 

3 Immeision in coneentiated (commcicial) liitnc acid This cleans the 
discs, oxidizes all organic materials and so destroys pjiogens 

4 Rinsing in distilled watei 

5 Drying 

6 Silicone coating by immeision m standaid acetone solution of silicone 
DC1107 

7 Drying and baking 

8 Final spiajing with distilled watei (pxiogen fice) 

9 Re insertion in box and shipment to hospital 

The tieatment of the casing consists at present of a sciubbing with watei 
and deteigent followed, aftei rinsing bx flooding with a stiong (0 5 per cent) 
solution of potassium permanganate Foi the sake of consistency it is intended 
to substitute tieatment with nitiic acid No silicone coating is applied to the 
casing, since its suifaee constitutes only a small fiaction of the total wetted 
suifaco Stainless steel endplates arc pioxidcd with trunnions, permitting the 
casing to be one thud filled with nitiic acid, and swung so that the entile 
suifaee is tieated Aftei a final nnsmg with distilled watei the casing is ready 
to lecene a shaft disc assembly fiom the lexolxing stock kept in resene at the 
hospital 

When fully assembled, the oxygenatoi is autoelaxed not moie than 24 hours 
befoie pei fusion No nntiloam is used The appioxnnate disposition at any 
one time of the elexen shaft disc assemblies is as follows in tiansit, 4, m 
piocess, 4, in use, 1, m lesene, 2, which makes a total of 11 

This type of lotation of sexeial internal assemblies is efficient when a 
1 uge numbei ot peitusions aie peifonncd, and cleaning is to be done by “mass 
pioduc tion ’’ Hoxxexci, it is leasonably easy to cam out one peifusion daily 

•Cutter laboratories Ucrkelej California 
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using one casing and two disc-shaft assemblies. In Ibis ease, cleaning must 
be done inside the hospital by a technician assigned especially to this job. 
One disc-shaft assembly is cleaned while the other is being used. The ‘casing 
(which is quickly cleaned) is finished immediately after the perfusion of the 
day. Then the clean disc-shaft assembly is slid into it, and the whole unit is 
sent to the autoclave to be sterilized for the next, morning’s run. 


PERFORMANCE 

A. Theoretical. —Fig. 3 shows the variation of priming volume and oxygen¬ 
ating surface with blood level (above the lower horizontal tangent to the discs) 
for both an 11.8 cm. diameter 100 disc oxygenator and our 21 cm. 96 disc unit. 



Millimeters, Blood Level (above horizontal tangent to discs) 

Fip. 3.—Diagram comparing oxygenating surface and priming volume at varying blood levels 
in both the 11.S cm. and 21 cm. disc oxygenators. 


The values are obtained by geometric computation—the priming volume graphs 
therefore do not take account of the volume of blood adhering to the discs 
above blood level; tests have shown the correction to be of the order of 10 pel 
cent. It will be noted that the maximum oxygenating surface (per revolution) 
of the 11.8 cm. diameter unit is 1.33 square meters, compared with 2.55 square- 
meters for our 21 cm. diameter unit at the same priming volume (2.25 liters). 
The latter figure is not a maximum. If a priming volume of 3 liters (plus 
correction for wetted oxygenating surfaces) is accepted, the oxygenating surface 
will be 3.0 square meters per revolution, or 2.25 times the maximum obtainable 
with the 11.8 cm. diameter disc machine/ 


'In our 21 cm. unit there is an additional 0.3 square meters of static 0 ^senatmg g 

provided by the (continuously wetted) cylinder wall. Since, however, the rate at a 
blood Aim is renewed cannot be calculated, this surface has been ignored. 


Oxygenotinq surface, Sq. meters per revolution 
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The variation of oxygenating surface with priming volume is shown in 
Fig. 4 for botli oxygenators. (Note: the ordinate units in this graph are 
square meters per minute at 120 r.p.m.) Fig. 5 shows the variation of 
1 ‘ efficiency, ” i. o., ratio of oxygenating surface in square meters per revolution 
to priming volume in liters against oxygenating surface. 

B. Practical .—The oxygenator just described* has been used for perfusion 
of 22 patients with congenital and acquired heart disease at the San Francisco- 
Stanford Hospital. Several patients were perfused for periods of over one 


21 cm. rotating disc oxygenator 
11-8 cm. oxygenator - 



12 3 4 

Priming Volume, liters 

Fig 4 —Diagram comparing oxygenating surface at varying priming volumes In both the 11.8 
cm and J1 cm disc oxygenators 

hour. Two severely ill patients (with tetralogy of Fallot) were on total per¬ 
fusion for 80 minutes and 100 minutes, respectively, and both convalesced 
rapidly, with almost no postoperative fever or other difficulty. Hemolysis under 
operating room conditions lias been unmeasurable, because the major cause of 
hemolysis is the suction of blood from the open licai-t by the “coronary sucker,” 
and hemolysis caused by the oxygenator has been too small in comparison to 
measure separately. In one 25-minute period of full perfusion in an adult, 
during which the coronary return suction system was not used, the plasma 
•Manufactured by Hallikatnen Instruments. Berkeley, California. 
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hemoglobin at the end of the 25-minute period was less than at the beginning 
of the period. The largest patient perfused weighed 170 pounds. There has 
never been difficulty in maintaining arterial saturation over 90 per cent. 

The apparatus, including all tubing, /ilter, etc., is easily primed for an 
adult with six units (3,000 c.e.) of heparinized blood, much less if a small 
child is the patient. 

It is our clinical impression that the series of patients perfused with this 
oxygenator have been less sick in the postoperative period than patients perfused 
with previous machines. It is impossible to make exact comparisons, but cer¬ 
tainly fever used to be common in the first, postoperative days, and has become 

21 cm. rotating disc oxygenator- 

1P8 cm. oxygenator 



Oxygenating Surface sq.meters/revolution. 

Fig. 5.—Diagram showing surface to priming volume ratio against varying oxygenating sup 
faces in botli the 11.8 cm. and 21 cm. disc oxygenators. 


very much less common, and, when present, is less severe. We have the clinical 
impression that pulmonary symptoms are also less, and that the postoperative 
roentgenograms are clearer. 


Foaming in the oxygenator has never occurred, though no antifoam has 
been used. There has been no severe postoperative bleeding, and the bleeding 
in general has been as little as or less than that when previous machines were 
used. 


All patients have had their body temperatures electively lowered to 32 ^ C. 
at least, many to much lower temperatures. The data on type of inducec 
hypothermia are extensive and must form the subject of a separate communica¬ 
tion, but it is appropriate here to stress the ease with which hypothermia maj )e 





-Secttomi diagrammatic sketch of 21 cm disc oxygenator 
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induced, and then the patient rewarmed, without the use of a separate blood 
heat-exchanger. Body temperatures (in adults) have been routinely lowered 
at the rate of roughly 0.67° C. per minute, and raised at the rate of roughly 
0.5° C. per minute. This represents heat transfer at a rate of over 50 kilogram- 
calories per minute. Much faster cooling and rewanning rates are possible 
in children. 

PUMP AND CONTROL APPARATUS 

The foregoing description has applied to the oxygenator alone. Obviously 
an oxygenator needs a pumping and control system, but this oxygenator could 
be adapted to many existing pumping systems. In our own use we have in¬ 
corporated it in a chassis which we will describe. 

The oxygenator (with its water-jacket, disc rotation drive, light source, 
and generator-tachometer) is suspended from two steel bending beams which 
are adapted with Baldwin-Lima-Hamilton SR4 strain gauges to sense weight. 
Weight of the unit (until its contained blood) is read out on a visible indicator 
(Minneapolis Honeywell) and also fed to a control system linked to the drive 
of the arterial pump. The unit can then be adjusted to sense the volume of 
blood in the oxygenator within 10 or 20 c.c. of blood, and to adjust automatically 
the speed of the delivery pump (the arterial pump) to maintain a constant 
volume of blood in the artificial lung. This automatic control can be bypassed 
with a manual control as desired, but it makes it possible for the operator to 
maintain very strict sensing of the total blood volume of the patient, and also 
greatly reduces the danger of air embolism to the patient (from the blood level 
in the oxyemator accidentally dropping too low). We have used Gibbon-type 
De Bakey pumps for both the arterial delivery and intracardiac suction, and 
we incorporate a filter and air-trap in the delivery system. 

To reduce as much as possible the chance for human error we hav-.i in¬ 
corporated also several safeguards, many of which we had found useful with 
previous oxygenators. 2 These include: 

1. An audible signal (fed by photocell) if the blood level in the 
oxygenator drops below a set level. 

2. Automatic arrest of the arterial pump if the blood weight drops 
below a preset amount. 

3. An electrically lighted plastic window for observing blood level. 

4. An automatic audible warning if the line pressure in the 
arterial delivery line rises above 300 mm. Hg, with automatic cut-out 
of arterial pump. 

5. A manometer indicating delivery-line pressure. 

6. A tachometer showing speed of oxygenating disc shaft. 

7. An alternate electrical control system (direct current) for use 
in case of alternating current line failure. 

8. Provision for manual pumping (with detachable handle) in case 
of mechanical or other failure. 

9. Two electric thermometers for blood and water-jacket temper¬ 
ature. 



Vol. 39, No 4 
April, 1960 


ROTATING DISC BLOOD OXYGENATOR 


437 


SUMMAUf 

A new disc-type blood oxygenator has been described which exposes a 
larger area of oxygenating surface compared with the volume of contained 
blood than previous disc oxygenators. 

Through its inherent design, the oxygenator functions also as a highly 
efficient heat exchanger. 

Details of design, performance, and maintenance are presented. 
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A MODIFICATION OF THE CLOWES MEMBRANE LUNG 


E. Converse Peirce, II, M.D., Knoxville, Penn. 

N o clinical substitute for the normal lung is ideal. In the laboratory, the 
homologous lung approaches perfection, but unfortunately it cannot be 
used clinically. Heterologous lungs and all presently available machines are 
imperfect for one or more reasons: they are emboli-pronc, trauma is too great, 
there is an element of unreliability, priming volume is excessive, they are too 
complicated, they are too expensive, or they arc simply too tiresome to assemble, 
sterilize, or operate. Probably no real solutions to the problems are possible 
where gas and liquid phases are not clearly separated, as by a membrane. With 
the membrane lung, practically all of the present defects can be obviated to 
some degree when very large flows are not required. Some difficulties, such as 
complicated monitoring, can be eliminated entirely. We believe it is important 
to present our modification of the Clowes membrane lung 1 ' 5 since it can be 
readily constructed and used by any interested research worker or clinician. 
With more general expei-ience will come an appreciation of its advantages. 
Attention to the advantages of the membrane lung should permit production 
of a satisfactory disposable unit. 

A mechanical lung substitute should be called an artificial lung and not 
an oxygenator, since it must provide adequate carbon dioxide elimination as 
well as oxygenation (Table I). For every 5 c.c. of oxygen taken up by the 
blood, 4 c.c. of carbon dioxide must be removed. Failure to maintain a proper 
balance leads to an unphysiologic pH and may be quite dangerous. The func¬ 
tional unit of the human lung is the alveolus and there is considerable intellec¬ 
tual appeal and practical advantage to the construction of an artificial lung 
which comprises the elements of air sac, membrane, and capillaries. It is im¬ 
portant to realize that one is endeavoring to substitute only for the basal func¬ 
tions of the normal lung and that for only a limited time. These basic concepts 
set the stage for the development of a membrane lung. 

The necessary physical condition for a balanced function of the artificial 
lung are a p0 2 above 80, a pC0 2 below 50, and a pH of about 7.3 to 7.4. In 
order to understand the requirements for such a lung, the behavior of oxygen 
and carbon dioxide in blood and in relation to the best available membranes 
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Table I Human- Eunc 


Functions 



Unit 

Oxjgenate blood 


Ah eolus 

rAir sac 

Eliminate carbon dioxide 


< Membrane 

Maintain pH 

Range 


^Capillaries 

Ventilation 


5 to 

100 L /nun 

Blood flow 


3 to 

30 L/nun 

Gas exchange 


200 to 

2,400 cc/mm 


must bo known In solution, these two gases beha\e quite differently Oxygen 
is relatively insoluble, piaetically all being earned in chemical combination 
with hemoglobin Smce the diffusion of a gas through a liquid is duectly pio 
portional to its solubility, oxygen diffuses \ery slouly and a tlun film is neces 
sary foi adequate oxygen exchange Carbon dioxide is compaiatnelj \er; 
soluble and diffuses about 30 times as fast as ox; gen, so that the thickness of 
the blood film has relatively less beating on caibon dioxide exchange Non, 
the best available membrane for oxygen and caibon dioxide tiansfer is Teflon 
Because of strength limitations, the thinnest useful membrane is %ooo of an 
inch The tiansmission of ox;gen through such a membianc lias been measured 
with the platinum polaiogiaph 3 and the lcsults contained using a diffusion 
chamber 5 The lelative diffusibility of oxygen and carbon dioxide are illustrated 
in Table II Although carbon dioxide diffuses much moie leadily than ox; gen, 
the physiologically toleialilo pC0 2 lcsults in a relatnely unfavoiablo diffusion 
rate The conclusions resulting fiom study of the best mailable membianc and 
the lelative behavior of oxygen and caibon dioxide in blood follou 


Table IX Transmission or Oxycen- and Capbon Dioxide Turouait 0 0003 in Teflox 
Membrane at Body Tempefatufe in cc/m“/Min 



AS GAS AT ONE 
ATMOSPHETE 
PRESSURE 

T11E0FET1C XL 

IN MEMBPANE 
LUNG* 

ACTUAL IN 
MLMBPWE LUNG 

PER CENT 
FFPICIENC\ OP 

I UNO 

Oxygen 

45 

40 

10 

25 

Carbon dioxide 

120 

8 

8 

100 


•POj 090 mm He pCO 60 mm Hg - 


TEFLON MEMBRANE LUNG 

A Caibon dioxide is \ei; soluble and diffuses lapidl;, thciefoic (1) the 
momlnane and permissible pCO- determine C0 2 elimination, (2) because pC0 2 
must be low, C0 2 elimination is hunting factoi in lung function, and (3) it 
dictates the neccssar; membrane aiea 

B Oxygen is one tlmtieth as soluble and diffuses slouly, so that (4) 
ox; genation depends on blood film thickness and tiansit time and hence on lung 
design, (5) it is lelatnel; independent of the membianc using reasonable film 
thicknesses, and (6) until adequate C0 2 elimination, tlieie is considerable ox;- 
genation iesei\e Tlieie appears, thcrcfoie, little piesent need to strnc foi 
maximum efficiency of ox; genation 
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N o clinical substitute for the normal lung is ideal. In the laboratory, the 
homologous lung approaches perfection, but unfortunately it cannot be 
used clinically. Heterologous lungs and all presently available machines arc 
imperfect for one or more reasons: they are emboli-prone, trauma is too great, 
there is an element of unreliability, priming volume is excessive, they are too 
complicated, they are too expensive, or they are simply too tiresome to assemble, 
sterilize, or operate. Probably no real solutions to the problems are possible 
where gas and liquid phases are not clearly separated, as by a membrane. 'With 
the membrane lung, practically all of the present defects can be obviated to 
some degree when very large flows are not required. Some difficulties, such as 
complicated monitoring, can be eliminated entirely. We believe it is important 
to present our modification of the Clowes membrane lung 1 ’ 2 since it can be 
readily constructed and used by any interested research worker or clinician. 
With more general experience will come an appreciation of its advantages. 
Attention to the advantages of the membrane lung should permit production 
of a satisfactory disposable unit. 

A mechanical lung substitute should be called an artificial lung and not 
an oxygenator, since it must provide adequate carbon dioxide elimination as 
well as oxygenation (Table I). For every 5 c.c. of oxygen taken up by the 
blood, 4 e.c. of carbon dioxide must be removed. Failure to maintain a proper 
balance leads to an unphysiologic pH and may be quite dangerous. The func¬ 
tional unit of the human lung is the alveolus and there is considerable intellec¬ 
tual appeal and practical advantage to the construction of an artificial lung 
which comprises the elements of air sac, membrane, and capillaries. It is im¬ 
portant to realize that one is endeavoring to substitute only for the basal func¬ 
tions of the normal lung and that for only a limited time. These basic concepts 
set the stage for the development of a membrane lung. 

The necessary physical condition for a balanced function of the artificial 
lung are a p0 2 above 80, a pC0 2 below 50, and a pH of about 7.3 to 7.4. In 
order to understand the requirements for such a lung, the behavior of oxygen 
and carbon dioxide in blood and hi relation to the best available membranes 
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hole). The outside may be cut quite roughly, but the various holes should be 
made with great care. Standard cork borers are used for the smaller ones, 
while the V/o inch diameter holes are cut using a borer made from thin-walled 
brass pipe. The four small holes along each side determine the position of the 
guide pins in the base of the lung (Fig. 2). The central rectangles are staggered 
to allow support for the central inserts shown in Fig. 3, so that there are two 
types of mats. Further details of construction are shown in the accompanying 




OataMs of Og Inflow and outflow 

3 .—The method of blood and oxygen distribution is illustrated. The needles used 
lor uxibc' distribution are cut off simply by bending with a pair of pliers. The blood dis- 
tribing discs are fashioned from Ms Inch thick Teflon with the cutter used to make the l 1 /. 
inch holes in the gaskets. Six radial holes are made in each disc, using a drill about 
inch in diameter. This is most easily done by holding the disc against a stationary drill, 
such as a drill press, and guiding the drill by keeping one finger on each side of the hole so 
that lack of alignment can be detected and coirected quicklv. After drilling the radial holes, 
about % inch Is cut from the circumference of each disc with a sharp knife or a second brass 
cutter. A central hole V 2 inch in diameter is then cut. If the drilling is done as the last 
operation, a burr will result Pairs of blank discs in several thicknesses are also required 
(see Assembly). A convenient inlet or outlet tube may be made from a piece of Tygon 
with a flared end that fits into a blank disc which must then ha\e a rather than a V. 
inch central hole. 


figures. Acrylic plastic is very satisfactory for the top and bottom plates when 
chemical sterilizing is available, but if ordinary autoclaving is to be employed, 
the plates should he made of metal. The original pattern should he kept intact 
so that additional gaskets can be made when desired. Required materials and 
the approximate cost are shown in Table VI. 











444 


PEIRCE 


J. Thoracic and 
Cardiovas. Surf. 


Table VI. Materials Required for Construction of a 10 Square Meter Teflon 

Membrane Lung 


2 sheets Plexiglas (15 in. by 42 in.) $ 30.00 

24 3 in. C clamps 24.00 

14 yards %<; in. by 30 in. rubber sheeting 33.00 

8 36 in. by 30 in. perforated aluminum sheets 18.00 

30 j'ards 24 in. Fiberglas screen 7.00 

1 square foot %c in- Teflon 4.00 

2 feet % in. aluminum rod 1.00 

Total $117.00 

Each additional mat (0.45 square meter membrane) 2.50 

0.0005 in. Teflon* membrane per square meter 4.00 


•Dilectrix Corp., Farmlngdale, L. I. 

MEMBRANE SIZE REQUIRED USING 0.0005“ TEFLON 



O 20 40 60 80 IOO EO 140 160 180 200 220 240 

TOTAL Oz CONSUMPTION IN CC'S PER MW 

Fig. 4.—The required membrane size is based on the ability of the membrane to transmit 
carbon dioxide. The amount of membrane indicated provides some oxygenation reserve, tms 
chart may be used for a variety of purposes Including determining the requisite blood now. 
A flow of 100 c.c. per meter of membrane should fully oxygenate blood even when less twin 
50 per cent saturated. These flows should prove satisfactory although they are somewnat 
less than so-called "full flow.” (From Peirce et al., J. Tennessee State M. A. 52: 39-44, 


OPERATION 

I. Assembly .— 

A rubber mat and an insert are placed on the base plate .'of the lung. Two 
layers of Teflon membrane are carefully rolled on top of these. Blood distribu¬ 
tion discs are placed between tlic layers of the membrane. A second mat and 
insert are now placed on top of the Teflon, with care to use a mat that is out 
of phase with the first one. The process is repeated until the requisite number 
of meters have been applied (Fig. 4).* The utilization of differential cooling 
as previously reported will greatly decrease the necessary membrane area. 1 No 
membrane is placed over the top mat and insert and instead of using an ordinary 

•Each mat has an area 10 per cent less than 0.25 meters. For each mat two * a V < ; r A °*‘ 
membrane are used. Roughly, therefore, there is one meter of membrane for each two « 





CLOIVES MEMBRANE LUNG 


445 


blood distribution disc, a blank is placed in the large hole of the top mat. Care 
should be taken that the stacks of distribution discs are the same height as the 
pile of gaskets, and this can be brought about by haring blanks of several thick¬ 
nesses (produced by sanding down ordinary blanks). An actual cautery is 
used to perfoi-ate the membranes so that gas and blood can circulate. This is 
best done before applying the top plate. The 24 C clamps are placed sym¬ 
metrically and tightened firmly. The lung is then tested by placing it on the 
floor and running normal saline solution into the inlet from a height of 1.5 to 
2 meters. As soon as saline appears at the outlet, this is clamped. The saline 



Fig 1 . 5.—-The circuit Illustrated provides everythin*? essential for a safe perfusion. Moni¬ 
toring devices, a Alter, etc. may be added as desired Note the lack of control devices. (Modi¬ 
fied from Peirce et a!., J Tennessee State M. A. 52: 39-44, 1959.) 


is allowed to run until it slows down greatly or stops. While this is being done 
some gas is blown through the lung so that any leakage will be apparent by 
liquid coming out of the oxygen outlet. Using saline there is practically always 
slight leakage and a continued drip of up to at least 200 drops a minute is 
permissible and does not imply any significant blood leak. After testing, the 
lung is drained by standing it on end. 

II. Circuit .—- 

A very effective circuit is illustrated in Fig. 5. Two pumps of any satis¬ 
factory variety are needed. The lung may be at the same level as the pumps 
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or below, and it makes vexy little difference. The two bubble traps are ncces- 
saiy for proper priming. They arc very simply eonstnicted from % inch Tygon 
T’s. When the blood enters the bubble trap it slows because of the increase 
in caliber. This, together with the effect of gravity, provides excellent removal 
of any fi’ee bubbles. A stainless steel filter has been used in human beings but 
not in animals, and we are not convinced that such a filter is necessary or 
desirable, as very little material tends to collect, in it. Temperature is con¬ 
trolled by means of a stainless steel coil or, more recently, by two stainless steel 
plates held 3 /io inch apart by a gasket. The heat exchanger can be placed in 
ice water for cooling or in a wanning bath at any temperature up to approxi¬ 
mately 40° C. An area of 0.1 meter is entirely adequate for a flow of 1,000 
c.c. per minute. 

III. Sterilization .— 

In the reseai'ch laboratory, although the tubing of the pump circuit has 
been sterilized with aqueous Zcphiran, we have not sterilized the lung itself. 
For clinical work, we have fortunately had available an ethylene oxide autoclave. 
The lxmg and the entire circuit are sterilized as a unit and kept available for 
use. Steam autoclaving should be entirely satisfactory if metal is used for the 
lung frame. 

IV. Priming .— 

Using the recommended outlet pressure of about 20 mm. Ilg, each meter 
of lung area requires approximately 120 c.c. of blood to prime it. With ab- 
normally high outlet pressures up to 150 mm. Hg, the priming volume may be 
more than doubled. The outlet pressui'C may be monitored with a mercury 
manometer and controlled with a screw clamp on the outflow limb of the bubble 
ti-ap. A simple alternative method of pressure control permits elimination of 
the manometer. The bubble trap is placed about 25 cm. above the outlet of 
the lung. The screw clamp on its outflow limb is adjusted so that the outflow 
pressure just supports this 25 cm. column of blood. 

The external circuit, consisting of the venous line, shunt, arterial pump, 
and the remainder of the arterial line, is closed by connecting the venous and 
arterial limbs which will later be separated and attached to their respective 
cannulae. In patients, this can be done most conveniently by using a fresh 
continuous loop of tubing which is then cut and attached to the cannulae after 
the circuit has been primed. The venous reservoir is placed at the height of 
the bubble trap in the external circuit. It and the Sigmamotor pump are 
opened and blood is allowed to fill the external circuit, the lung being excluded. 
Blood is then circulated with the ti’ap closed until no more air bubbles collect. 

The lung circuit is best primed just before it is needed, after the priming 
of the external circuit. When the lung is below the level of the pumps, initial 
filling is best accomplished by gravity. As soon as blood appeal’s at the lung 
outlet, the venous pump is started (the arterial pxunp is not run at this time) 
and run until no further bubbles collect in the bubble trap and until the outlet 
pressure has been properly regulated. If it appeal’s advisable to run gas 
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thlough the lung during the piimmg liecause of slight leakage, it may bo best to 
use ui to pi event liypcioxj genation and then to shift to oxygen at the start of 
the perfusion One litei of gas pel meter of membiane provides adequate flow 

Y Opeiation — 

If the venous piessure lcseivou is placed at the level of the animal’s oi 
patient’s venous piessure, no control clamps are lequned on the lines and the 
heait lung maj be staited oi stopped by simplj turning it on oi off The 
venous pressure can then be kept at a normal level by lovveung the leservou 
as lequned 

If the apparatus is pioperly set up with a flow of about 100 c e pel metei 
of membiane, the inlet pressuie wall vary between approximately 75 and 150 
mm Hg Theie appears to be no advantage in monitoring this pressure As 
mentioned above, the outlet piessure is important Foi safety, m case of 
leakage to prevent gas embolization, it should be kept above the maximum pies 
suie which can bo attained in the gas phase Filming, also, appears to be some 
wliat moie even if a positive pressure is kept at the outlet (see Pruning) 

A shunt is piovided between the arterial and the venous lines which serves 
lo balance the flow of the two pumps This prevents any piessure differential 
and makes it unnccessarj to have the pumps exactlj the same Hyperoxj gena¬ 
tion may be pievented by runnmg the venous pump at a slightly slowei rate 
than the aitenal pump This will cause the arterial pump to take up a small 
amount of venous blood which will then absoib the excess dissolved oxygen 
If some le cu eulation thiougli the lung is desired, tins is readily provided by 
running the v cnous pump at a rate faster than the arterial pump Regulation 
can be done visually by observing the color of the blood 

Small leaks aie not infrequent and large leaks may occur occasionally if 
theie is a tear m the membrane or if the lung is put togetliei uicoiiectly For 
clinical use, therefore, we recommend that the lung be tested before sterilization 
(see Assemblj) A small leak m no way mteifeies with pioper function and 
even laige leaks aio dangeious pmnaiily because of blood loss through them 

In the laboratory we have utilized 4 mg per kilogiam of heparin in addi 
tion to 15 to 20 mg foi each 500 c c of priming blood In the human being, 
wo have used only 2 to 3 mg pci kilogiam There does not appear to be any 
dangei m using extia liepann as it is readily neutralized later Theie is, liow- 
evei, a danger in using too little liepann as there may be flbnn deposition m 
portions of the appaiatus where the flow is not perfectly streamlined This 
is v ery slight m the lung itself 

VI Momtonng — 

As mentioned before, the membiane lung makes it possible to reduce moni¬ 
toring to a minimum The function of the appaiatus is predictable and this 
eliminates the necessity of following oxw genation, pH, aitenal pressuie and 
many otlici things which are generally watched carefullv In the final analvsis 
even thing can lie preset except the venous piessure We believe that this 
should he followed and regulated 
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VII. Re-use of Membrane and Tubing .— 

This lias been tried with unsatisfactory results and is not recommended. 
If the lung is not disassembled, it is impossible to clean it adequately. If it is 
taken apart, it is almost impossible to avoid tearing the membrane where it 
has been made adherent by the use of the cautery. In the animal laboratory 
we have repeatedly re-used the tubing, venous reservoir, and bubble traps, with¬ 
out any apparent difficulty. The circuit is, however, carefully taken apart and 
all joints cleaned and re-assembled. In the human being, we have preferred to 
re-use only the special nylon joints and the blood distribution discs. Everything 
else in the circuit is readily disposable and relatively inexpensive. 


SUMMARY 

The Teflon membrane lung is the nearest approach to an ideal lung sub¬ 
stitute that is presently available. Although it is not so good as the biologic 
lung, it performs equally as well for the limited demands of intracardiac sur¬ 
gery. When one considers the relative time required for the development of 
each of these lung’s, this is remarkable. 
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ANAPHYLACTOID SHOCK DUE TO HOMOLOGOUS 
BLOOD EXCHANGE IN THE DOG 

James W ■ Dow, M.D., James F. Dickson, III, AI.D., Neil A. J. Hamer, M.D., 
M.R.C.P., and Howard L. Gadboys, AI.D., Philadelphia, Pa. 

D uring the experimental development, of techniques for cardiopulmonary 
bypass, shock-like states were frequently encountered when dogs were per¬ 
fused without change in blood volume. Further studies were undertaken to 
determine the mechanism of these reactions. 

METHODS 

Five different techniques for blood exchange were used: (1) total cardio¬ 
pulmonary bypass, (2) transfusion, (3) veno-arterial pumping, (4) left heart 
bypass, and (5) blood exchange with constant volume. 

During 75 total cardiopulmonary bypass experiments in dogs shock was 
often masked by volume changes. The blood volume of the recipient is neces¬ 
sarily increased by transfusion, so this technique was not extensively studied. 
In the remaining three methods, extensive blood exchange was produced with 
closed extracorporeal circuits of fixed volume so that no change in the blood 
volume of the animal was possible. Veno-arterial pumping consists of the trans¬ 
fer of the superior caval return to the lower aorta without oxygenation, 1 and 
left heart bypass involves pumping oxygenated blood from the left atrium to the 
aorta. Blood exchange with constant volume was performed by placing 200 
ml. of blood from each donor animal in a closed flask suspended above the 
recipient and connected to cannulac in the femoral artery and vein. On open¬ 
ing the cannulac, pressure in the flask rose 25 to 30 mm. Hg and blood exchange 
occurred, the volume of blood in the flask increasing by less than 50 ml. 

Mongrel dogs weighing 15 to 25 Kg. were used throughout. Donor blood 
was obtained from animals lightly anesthetized with 250 to 350 mg. of Pentothal 
sodium by bleeding from a femoral artery into bottles containing 30 m". 
heparin per liter of blood. Subject dogs were similarly anesthetized and secured 
supine on the operating table. Normal respiration was allowed unless thoracot¬ 
omy was part of the procedure when artificial ventilation was maintained 
through an endotracheal tube. 

p From thc Cardiovascular Research Laboratory. The Presbyterian nospltal. Philadelphia. 
Received for publication June 17. 1959. 


440 



450 


DOW, DICKSON, HAMER, GADBOYS 


J. Thoracic and 
Cardiovas. Surg. 


Arterial pressure was monitored by means of a polyethylene catheter placed 
in the aortic areli through the femoral artery, and systemic venous pressure 
b.y a similar catheter passed into the inferior vena cava via a femoral vein. 
Portal venous pressure was recorded in some experiments using a catheter in¬ 
serted through a small abdominal incision into the cranial mesenteric vein. 
Pressures were recorded with Statham P23D strain gauges and a Cambridge 
direct-writing recorder. 

The extracorporeal circuit for cardiopulmonary bypass consisted of a 
venous reservoir, a Gibbon-type oxygenator, and rotary pumps. The priming 
volume of this circuit was about 3,000 ml. and blood from 4 or 5 donors was 
usually required. The circuits for veno-arterial pumping and for left heart 
bypass were of 800 ml. capacity and were usually filled with blood from 1 donor, 
although occasionally 2 donors were needed. In the experiments with simple 
blood exchange, fi-om 1 to 4 donors were used. With all techniques, blood ex¬ 
change was begun at between 300 and 600 ml. per minute. Various courses 
were followed subsequently. When shock was evident, exchange was sometimes 
stopped so that the hemodynamic changes could be observed without disturbance; 
in other studies extracorporeal flow was maintained. 

The effects of intravenous injection of Escherichia coli endotoxin in doses 
from 1 to 7 mg. Avere observed in similar preparations. 

RESULTS 

The incidence of shock was similar Avith each of the techniques for blood 
exchange Avithout change in volume (Table I). 


Table I. Incidence of Shock Folloaving Blood Exchange 


EXPERIMENTAL PROCEDURE 

NUMBER OF 
EXPERIMENTS 

INCIDENCE OF SHOCK 

Veno-arterial pumping 

55 

17 

Left heart bypass 

s 

3 

Constant volume blood exchange 

•17 

21 

Totals 

no 

41 


Simple transfusion Avith 200 ml. of homologous donor blood caused shock 
in 3 out of 6 trials. Exchange using autogenous blood produced no effect, al¬ 
though in 10 of the 16 trials the blood Avas deliberately poorly heparinized and 
contaminated. The incidence of shock increased considerably Avhcn blood from 
more than 1 donor Avas used to fill the extracorporeal circuit (Table II). I 11 
total cardiopulmonary bypass, Avhere blood from 4 or more animals Avas used 
to prime the system, evidence of shock appeared as arterial hypotension, reduced 
venous return or blood transfer from extracorporeal circuit to subject animal m 
all cases in Avhich adequate data Avere a\'ailablc for analysis. 

An abnormal reaction to blood exchange Avas usually apparent in 1 minute 
as a sharp rise of portal venous pressure associated Avith distention of the liver 
and the portal venous radicals. The subsequent course Avas similar Avlietlier 
blood exchange Avas discontinued or maintained, proAdding the volume of blood 
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Table II. Relation' P.etv. een Ndmbek of Donors and Incidence of Shock 
(114 EXPERIMENTS WITH EXTRACORrOREAL CIRCUITS OF FIXED VOLUME) 


NUMBER OP DONORS 

j NUMBni OP EXPERIMENTS | 

INCIDENCE OF SHOCK 

1 

86 

25 

2 or more 

28 

17 


in the animal and m the extracoipineal circuit remained constant. The 
systemic venous pressure was unchanged but the venous return diminished 
rapidly and there was a corresponding fall in arterial pressure Maximal 
pressure changes were attained in 3 to 5 minutes, the portal venous pressure 
reaching 40 mm. Ilg in the more severe cases and the mean arterial pressure 
falling to 20 mm. Hg (Pig. 1, A). Slight degrees of shock, on the other hand, 
produced a rise of portal venous piessure of only 1 or 2 nrm. Hg, the small 
fall in arterial pressure being difficult to lecognize. During the next hour the 
pressures returned almost to normal levels, although portal distention was 
still apparent. 




0« I I I I 1 t r I » IMOUH 

— --— --TIWX W MIX, 


B 

rip 1 — A, Effect of homoloffous blood exchange on the arterial and portal venous pres¬ 
sure with an extracorporeal circuit of fixed volume 

B, Similar changes in arterial and portal \enous pressure following the Injection of 
Each col* endotoxin 

If bypass was continued and the volume of the extracorporeal circuit kept 
constant, the reduction in venous return necessarily limited the extracorporeal 
flow. In the less severe degrees of shock, the venous return and arterial pres¬ 
sure could be maintained by allowing the animal to take up blood from the 
extracorporeal circuit (Fig. 2). Perfusion could then he continued at accept¬ 
able extracorporeal flow rates, hut only at the expense of further distention of 
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the portal system. Some animals tended to recover control of their vascular 
volume toward the end of a 1-hour period of perfusion and returned some 
blood to the extracorporeal circuit. More often, however, there was a serious 
fall in blood pressure at the termination of bypass, the excess blood was re¬ 
tained and the animals failed to recover consciousness. 

In an attempt to localize the agent in blood responsible for the shock re¬ 
action, two experiments were performed in which the donor cells and plasma 
were separated by centrifuging. Blood exchange with donor cells suspended 
in saline produced no ill effect, but shock resulted from exchange using the 
plasma from these animals. 

Injections of Esch. coli endotoxin, in varying dosage, produced hepatic 
engorgement and changes in the portal venous and systemic arterial pressures 
similar in degree and timing to those resulting from blood exchange (Pig. 1, B). 

DISCUSSION 

A number of studies of blood transfusion in normal dogs have shown that 
added plasma is rapidly lost from the circulation. 2 ' 5 In one of these studies, 
6 out of 34 dogs showed urticaria and a fall in blood pressure.* Other reports 
of the effects of plasma transfusion in dogs indicate that urticaria is almost 
invariable. 0 ’ 7 Similar reactions were found during experimental hemodialysis 
by the Mayo Clinic group.*' 0 A fall in blood pressure with bradycardia, re¬ 
spiratory depression, and urticaria was noted at the onset of hemodialysis in 
27 of 37 dogs and was associated with a mortality of more than 30 per cent. 
These reactions were eliminated by priming the extracorporeal circuit with 
autogenous blood, saline solution, or some dextrans. More severe changes of 
this type have been found following plasma infusion in the adrenalectomized 
dog. 10,11 Urticaria is generally much less prominent in experiments performed 
under anesthesia. 7,11 

It has been shown that plasma reactions are not related to the blood group 
of the dogs or the presence of plasma iso-agglutinins. 7 ’ 8 Natural isoantibodies 
are found in only about 15 per cent of random dogs, and are mostly of low 
potency. 12 ’ 13 The suggestion that incipient coagulation due to suboptimal 
heparinization of blood is responsible for these changes after transfusion 11 is 
not supported in our present studies, as poorly heparinized autogenous blood 
did not produce shock. 

"When reactions to plasma transfusion were first noticed, their similarity 
to histamine effect 7 ' 11 and to anaphylactic shock 0 was remarked. Anaphylaxis 
in the dog is associated with an acute fall in blood pressure and elevation of 
portal venous pressure with segregation of blood in the portal venous system 
and liver. 15 ’ 10 The mechanism lias been a subject for considerable discus¬ 
sion 17 ' 10 but it seems likely that diffuse spasm of the smooth muscle in the 
hepatic venous system is mainly responsible. 20 There is good evidence that 
anaphylactic shock is due to histamine release. 21 ' 2 * 

Anaphylactoid shock, that is, a syndrome resembling anaphylaxis but not 
associated with demonstrable previous sensitization, has been found frequently^. 



454 


DOW, DICKSON, HAMEB, GADBOYS 


J. Thoracic and 
Cardiovas. Surg, 


in response to the injection of a wide variety of substances. 25 ' 20 These include 
colloidal iron, peptone, rattlesnake venom, 27 hydatid fluid, 28 and Ascaris ex¬ 
tracts. 20 The endotoxin produced by gram-negative bacteria has a similar effect 
and has been investigated in detail. 20 ’ 30 ’ 31 

The similarity of the changes described here with homologous blood ex¬ 
change to those described in anaphylaxis in dogs is apparent, and we have been 
able to reproduce most of the effects by the injection of Esch. coli endotoxin. 
It seems, therefore, that there is an agent in dog blood which produces anaphy¬ 
lactoid shock. The effect is evident in less than one third of donors, but, when 
mixed blood from many donor animals is used, the incidence of shock is con- 
siderably greater. Our fractionation studies suggest that a plasma factor 
is responsible, although other workers have reported reactions to washed 
red cells. 0 ’ 7 

The resemblance of the effects of gram-negative bacterial endotoxins to 
the changes that follow blood exchange has lead to the suggestion that endotoxin 
is present in donor blood as a result of bacteremia when the animal is exsanguin¬ 
ated. However, reactions were no less frequent in experiments in which only 
200 ml. of blood was taken from each donor. 

It has been suggested 32 that reactions of this type occurring during the 
course of cardiopulmonary bypass were due to acidosis. Similar changes have 
been produced by GO, retention or hydrochloric acid infusion. The shock-like 
effects reported here, however, were evident at the onset of blood exchange 
before acidosis had occurred. This does not exclude the possibility that acidosis 
itself may produce shock. 

Anaphylactoid responses to blood exchange may interfere considerably 
with the interpretation of physiologic studies in dogs. Conclusions based on 
experiments involving blood exchange in which this factor is not recognized 
must be interpreted with caution. The more severe varieties of anaphylactoid 
shock will be detected easily by observation of the arterial pressure during the 
first few minutes of blood exchange, providing the volume of blood in the extra¬ 
corporeal circuit is kept constant. However, minor variants may be missed 
unless the portal venous pressure is measured. In cardiopulmonary bypass, 
detection of these effects is especially difficult as venous return and perfusion 
can be maintained if the animal is allowed to take up blood from the extra¬ 
corporeal circuit. 

A preliminary test transfer of 200 ml. of donor blood can be used to deter¬ 
mine whether an anaphylactoid reaction will occur. If shock is produced, an 
interval of 1 hour will allow the arterial and portal venous pressures to return 
to noimal. Useful experimental data can then be obtained, but many of the 
effects of shock on the circulation and the liver probably persist. 

It has been repoi’ted that antihistamines 7 ’ 11 or adrenergic blockade 8 ’ 9 '"'ill 
reduce the effect of plasma infusion, and large doses of hydrocortisone have 
been shown to prevent endotoxin shock. 33 These findings suggest that animals 
can be protected against reactions to blood exchange, but the large doses of 
potent agents required may produce other undesirable effects. 
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SUMMARY AND CONCLUSIONS 

1 Blood fiom about a third of donor dogs produced a shock like effect in 
the lecipient animal The incidence is gicatei when mixed blood fiom a nunibei 
of donors is used 

2 The onset of shock is characterized by a lapid use 111 poital xenous 
piessme with distention of the liver and poital sxstem 

3 If the volume of the extraeorpoieal cncuit is fixed, the arterial pres 
sure falls as the poital venous pressure rises, suggesting that sequestiation of 
blood is occurring m the portal system The xenons ietmn and, consequentlv, 
the extraeorpoieal flow are reduced in these circumstances 

4 The poital xenous and artenal prcssuies tend to rccoxuu in the course 
of an lioui but the portal congestion peisists 

5 If the animal is alloxxed to take up blood fiom the extiacoiporeal circuit, 
the aitenal pressure and venous leturn aie bettei maintained, but sequestration 
111 the poital system is accentuated 

6 The syndrome is similai to the effects of anaplix laxis 111 the dog 

7 Reactions of tins txpe following blood exchange maj interfere xvith the 
liitorpietation of experimental studies 111 dogs 

8 A pieliminarj test exchange xxntli 200 ml of donor blood can be used 
to determine xx liethei shock mil occui in anx particular expeument 
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THE EFFECTS OF ANAPHYLACTOID SHOCK FROM 
BLOOD EXCHANGE ON CARDIOPULMONARY 
BYPASS IN THE DOG 

James W. Dow, M.D., James F. Dickson, III, M.D., Neil A. ]. Hamer, Al.D., 
M.R.C.P., and Howard L. Gadboys, Al.D., Philadelphia, Pa. 

INTRODUCTION 

D uring 75 cardiopulmonary bypass experiments in dogs it became apparent 
that there was a tendency for the animals to take up blood from the extra¬ 
corporeal circuit. A study of the effects of homologous blood exchange in 
dogs 1 ’ - demonstrated that blood from approximately one third of random donors 
produced a state resembling anaphylactic shock, with sequestration of blood in 
the liver and portal venous system. The present study was undertaken to 
assess the effects of anaphylactoid shock resulting from blood exchange on the 
course of cardiopulmonary bypass in the dog. 

METHODS 

Mongrel dogs weighing 15 to 25 Kg. were used throughout. Donor blood 
was obtained from animals lightly anesthetized with Pentothal (15 mg. per 
kilogram body weight), by arterial exsonguination into bottles containing 30 mg. 
of heparin per liter of blood. Subject dogs were anesthetized noth Nembutal 
(25 mg. per kilogram body weight) and secured supine on the operating table. 
Aortic blood pressure was monitored by a polyethylene catheter in the femoral 
artery, and portal venous pressure by a catheter placed in the cranial mesenteric 
vein through a small abdominal incision. 

The effects of blood exchange were investigated using a simple extra¬ 
corporeal system in which 200 ml. of blood from each donor was suspended in 
a liter flask above the animal and connected to cannulae in a femoral artery 
and vein. When the cannulae were opened, pressure in the flask rose 25 to 30 
mm. Ilg and blood exchange occurred, the volume of blood in the flask in¬ 
creasing by less than 50 ml. Blood samplers were obtained when the shock was 
maximal (3 to 5 minutes). Blood exchange was then discontinued and further 
samples taken after an hour. 

From the Cardiovascular Research Laboratory, Presbyterian Hospital, Philadelphia, Pa. 
Received for publication July 6, 1959. 
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Cardiopulmonary bypass was performed with a venous reservoir, a. rotating 
disc oxygenator, and a pump with ball valves at each end of a silicone rubber 
chamber driven by pulses of compressed air. 3 Cannulation was performed 
without opening the thorax. The venous cannulac were inserted through a 
femoral vein into the inferior vena cava and through the right external jugular 
vein to the superior vena cava. The arterial cannula was placed in a femoral 
artery. Side arms on each venous cannula enabled blood samples to be obtained, 
and mixed venous and arterial samples were available from the inflow and out¬ 
flow lines of the oxygenator. When total bypass was performed, an endo¬ 
tracheal tube was inserted and ventilation maintained with a respirator. The 
right chest was then opened and ligatures placed around the venae cavac prox¬ 
imal to the cannulae. The coronary venous return was allowed to pass through 
the heart normally. Cardiopulmonary bypass was maintained for 60 minutes in 
each animal and blood samples were obtained at 20-minute intervals. Extra¬ 
corporeal flow was measured by determining the time taken for the volume of 
the venous reservoir to increase 100 ml. when its outflow line was temporarily 
occluded. 

Pressures were measured with Statham P23D strain gauges and a Cam¬ 
bridge direct writing instrument. Blood oxygen and CO- contents were 
measured, 1 as were the plasma pH, hematocrit, electrolytes, lactate,® and 
pyruvate.® The oxygen saturation was expressed as a percentage of the hemo¬ 
globin capacity without correction for the oxygen in solution. A nomogram 7 
was used to derive the pCO- and buffer base. 

RESULTS 

Twenty-two animals were studied and five different types of experiments 
were performed (Table I). Shock was evident in all bypass studies, and blood 
exchange experiments that did not show shock were excluded. 


Table I 


A. Blood exchange alone 

(4 animals) 

B. Blood exchange followed 


after 1 hour bv total bypass 


without change in blood volume 

(4 animals) 

C. Total bypass without change in 


blood volume 

(5 animals) 

D. Total bypass with hypervolemia 

(5 animals) 

E. Partial bypass with hypervolemia 

(4 animals) 


In all experiments the blood pressure fell sharply, sometimes to less than 
50 nun. Hg, and the portal venous pressure increased (average rise from T to 
22 mm. Hg), the liver and portal venous radicals becoming distended. These 
changes began approximately 1 minute after the onset of blood exchange and 
were maximal in 3 to 5 minutes. 
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Ill Gi traps A, B, and C (13 animals) tlie effects of stock tteie studied 
Apnea occuncd during tlic period of stock m some animals and the arterial 
oxygen sduration fell coiiespondinglt There Mas a piofound fall in tenons 
oxygen saturation duting shock, the aiteuovonous oxygen difference leaching 
nearly double the contiol talue The hematoent tended to use as soon as shock 
w as apparent and this meiease u as gieatci after 1 horn Buffei base fell neaily 
3 mEq /h on tlie average and there ttas a use of appiovimately 1 mEq fh in 
tlie blood lactate The sodium and chloride let els hotlis lose about 1 5 mEq fh , 
but tlieie ttas no significant change in the plasma potassium (Table II) 


Table II Effects of Anaphxlactohi Shock From Blood Eychavgf (13 Animats) ami 
OF CAKDtOPt LMOfcAR\ P\l*\SS (IS ANIMAL*?) 


1 

MEAN | 

CONTROL 
VAIAES 

shock 

TECHS El \ 


m pass 


Time (min) from oniot 
of blood exchange 


3 to 5 

(50 

20 

40 

GO 

Hematocrit (%) 

51 

+ 13 

+ 20 

+ 17 

+ 28 

+ 10 

Buffer base (mEq/l.) 

45 

-20 

-2-* 


-00 


N*i + (mEq/L) 

154 

+ 08 

+ 10 

- 2 3 

-20 

-04 

Cl - (niEq /L ) 

100 

+ 18 

+ 14 

-01 

+ 21 

+ 26 

K + (mEq/L) 

43 

+ 01 

-03 

-04 

-07 

-06 

Lactate (mEq /L) 

21 

+ 17 

+ 0S 

+ 15 

+ 21 

1-27 

V\ ruvite (mEq/L) 

015 

+ 01 

+ 0 01 

+ 0 05 

+ 01 

+ 01 


The changes lesulting from blood exchange associated -with bypass ttcie 
studied in Groups B, C, D, and E (18 animals) Those perfused nitliout change 
m blood volume shotted a fall m llott and aitenal piesstue at the onset of blood 
exchange, but tthen the animal ttas alloued to fake up blood fiom tlie extia 
corporeal eucuit the fall m aiterial pressure was less and satisfactory venous 
leturn and bypass flow ttcie maintained The tolume change i inged fiom 400 
to 1,400 ml The optimal bypass llott in each animal ttas between 0 5 and 16 
L /min /M - (mean 10 h /nun./M") The aitenal oxy gen satmation "was well 
maintained but there was a considerable meiease in the arteilotenous oxygen 
difference, both in partial and total btpass cxpciiments The hematoent lose 
by appioximatcly the same amount ns in shock A metabolic acidosis det eloped 
during bypass, the buffei base falling by 7 niEq fh and the blood lactate using 
lit 2 5 inEq/Ii oter a period of an liom The pyuuate changes were simil.n 
to the lactate but on a much smaller scale The sodium let els fell bv 2 mEq fh 
at 20 and 40 miti, letuinmg to normal at GO nun Chloride let els lose by 
2 mEq /L at 40 and GO nun Tlieie ttas a fall of about 0 5 mEq /Tj in the 
plasma potassium during the puiod of bypass (Table II) 

In two additional paitial bypass studies, the effects of blood exchange were 
modified In 1 animal, a side to side anastomosis ttas made between the portal 
tern and the inferior vena una bofoie bypass ttas begun There was no use 
m portal tenous picssiue oi fall in artenal picssure on blood exdninge and 
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the venous oxygen contents were unchanged, although the liver became con¬ 
siderably distended. In the second animal, 400 mg. of diphenhydramine was 
given. The portal venous pressure rose at the onset of bypass but there was 
no fall in arterial pressure or venous oxygen content. 

The metabolic effects were similar in both these animals (Table III). The 
hematocrit fell slightly as did the buffer base. The lactate rose 2 mEq./L., 
the pyruvate 0.2 mEq./L., after an hour. The electrolyte changes were similar 
to those found in the other experiments, the sodium falling 3 mEq./L., the 
potassium 0.5 mEq./L., and the chloride rising 3 mEq./L. 


Table III. Effects of Bypass in 2 Animals With Modified Response to Blood Exchange 



MEAN 

CONTROL 

VALUES 


BYPASS 


Time (min.) from onset 
of blood exchange 


20 

40 

60 

Ilematoerit ( </r ) 

51 

-0.3 

-0.7 

-1.3 

Buffer base (mEq./L.) 

44 

0 

-0.2 

-0.8 

Na + (mEq./L.) 

154 

-1.0 

-3.0 

-3.0 

Cl - (mEq./L.) 

114 

0 

+1.5 

+ 3.0 

K + (mEq./L.) 

3.3 

-0.1 

- 0.G 

-0.5 

Lactate (mEq./L.) 

2.3 

+ 1.7 

+ 1.0 

+ 2.0 

Pyruvate (mEq./L.) 

0.1 

+ 0.15 

+ 0.15 

+ 0.2 


A further experiment was performed in which the extracorporeal circuit 
was filled with gelatin solution. There was no fall in arterial pressure or eleva¬ 
tion of portal venous pressure following bypass in this animal. 

. DISCUSSION 

Unusual responses to transfusion of various blood components have been 
found in dogs, s " 17 and shock-like changes have been reported by many workers 
with the extracorporeal circulation. The release of toxin from cellophane/* 
incipient coagulation due to suboptimal heparinization, 10 and the absence of 
pulsatile flow 20 have been suggested as possible mechanisms but seem unlikely 
in view of subsequent work . 1 ’ 2 ' 14 ' 21 Experimental studies 1 ’ 2 indicate that 
anaphylactoid shock is produced by 200 ml. of plasma from approximately one 
third random canine donors. In total cardiopulmonary bypass, where the extra¬ 
corporeal circuit has a large volume, blood from 3 or more donors is needed to 
fill the circuit. In these circumstances there was evidence of shock in all our 
procedures for which adequate data were available. No shock occurred when 
the circuit was primed with gelatin, and the response was considerably modified 
by preliminary portocaval anastomosis and by diphenhydramine. 

Anaphylactoid shock from blood exchange has a considerable effect on the 
course of cardiopulmonary bypass in the dog. Sequestration of blood in the 
liver and portal venous system leads to a reduction in venous return, and so 
restricts the extracorporeal flow. Systemic perfusion is reduced and the blood 
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pressure falls. If the animal is allowed to take up blood from the extra corporeal 
circuit, the venous return and blood pressure may be maintained, but at the 
expense of a further increase in hepatic and portal venous congestion. 

Metabolic acidosis during cardiopulmonary bypass is, at least in part, the 
result of accumulation of acid metabolites due to incomplete oxygenation. In 
the present study the increase in blood lactate accounts for about a third of the 
fall in buffer base. There is also an increase in blood pyruvate but the changes 
are trivial. However, it is probable that lactate is only a small and variable 
fraction of the total organic acid accumulation. 21 

A similar acidosis occurs as a result of anaphylactoid shock from blood 
exchange which is an integral part of the response to bypass in the dog. Both 
in isolated shock and in bypass, direct measurement and the changes in arterio¬ 
venous oxygen difference indicate that systemic blood flow falls considerably. 
Decreased tissue perfusion may be responsible for the acidosis. The absence 
of metabolic acidosis during veno-arterial pumping, 23 in which the lower part 
of the body is perfused with unsaturated blood and total systemic blood flow 
is unchanged, suggests that tissue hypoxia is not the causative factor. 

The hepatic congestion produced by the anaphylactoid response to blood 
exchange is present during bypass and may be a factor in the production of 
acidosis. Even when an interval of 1 hour was allowed after blood exchange, 
considerable portal congestion peiuisted. Anaphylactoid shock from blood ex¬ 
change is associated with a rise in hematocrit and plasma electrolyte levels 
which suggests liemoconcentration and loss of water to the cells. During cardio¬ 
pulmonary bypass there is a fall in plasma sodium and potassium and a rise 
in chloride indicating a major electrolyte shift tending to produce acidosis. 
Similar changes were noted by Pontius and bis associates. 2 * 

In the two bypass experiments in which the anaphylactoid response was 
modified, systemic perfusion was maintained near normal levels. Although the 
electrolyte changes and accumulation of organic acids were similar to those 
found in other bypass studies, there was little impairment of buffer base, sug¬ 
gesting that shock from blood exchange or inadequate systemic perfusion may 
produce metabolic acidosis in other ways. 

The relation of anaphylactoid shock in dogs to hypotension or acidosis in 
human extracorporeal circulation is problematical. Hemodialysis studies at the 
Mayo Clinic suggests that similar reactions may occur in a number of human 
cases of massive blood exchange. 13 There is evidence that a vasoconstrictor 
mechanism exists in the hepatic veins of man, 25 so that similar reactions to 
those described here in dogs may be of importance in human work. 

SUMMARY AND CONCLUSIONS 

1. Blood from about one third of donor dogs produces anaphylactoid shock 
in the recipient animal. 

2. Anaphylactoid shock is an integral part of the response of the dog to 
cardiopulmonary bypass a.s a large volume of blood from many donors is used to 
fill the extracorporeal circuit. 
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3. Anaphylactoid shock in the dog is associated -with sequestration of blood 
in the liver and portal venous system. Bypass flow and arterial pressure fall, 
but the changes are less evident if the animal is allowed to take up blood from 
the extracorporeal circuit. 

4. Accumulation of organic acids was found in anaphylactoid shock, either 
occurring alone or in association with cardiopulmonary bypass. Systemic per¬ 
fusion was below normal levels in both situations. Cardiopulmonary bypass 
was also associated with an electrolyte shift producing metabolic acidosis. 

5. Modification of the anaphylactoid response by a portocaval anastomosis, 
or by diphenhydramine, allowed bypass without a reduction of systemic blood 
flow. Although there was organic acid accumulation and similar electrolyte 
changes to those found in other bypass studies, there was little metabolic acidosis 
in these experiments. 

6. Responses to massive blood exchange similar to those described here may 
be of importance in human work. 

The initial 75 cardiopulmonary bjqinss studies were performed in the Boston University 
Surgical Research Laboratory at the Boston City Hospital, Boston, Mass., through the 
courtesy of Dr. John J. Byrne. Our thanks are due to Miss Jessica Nolan for the bio¬ 
chemical work and to Miss Esther Chang for help with the bibliography. 
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VENO-ARTERIAL PUMPING IN NORMAL DOGS AND 
DOGS WITH CORONARY OCCLUSION 


Howard H. Patt, M.D., John V. Clift, M.D.* Paul B. Loh, M.D., Juanito C. 
Roa, M.D., Jack Wexler, M.D., and Arnold M. Se/igman, M.D., 

Baltimore, Md. 

P artial bypass of the heart appears to he a reasonable approach to the prob¬ 
lems of coronary shock and intractable heart failure. If partial perfusion 
of the body can be instituted safely for prolonged periods, the decreased work 
required of the heart may allow an infareted or failing heart to maintain ade¬ 
quate coronary flow and subsequently to recover. 

Stuckey and his co-Avorkers 1 reported their experience in the use of a heart- 
lung machine in patients Avith severe myocardial infarction. We Avondered 
Avhether a pump Avitliout an oxygenator Avould be of clinical value in similar 
patients. We theorized that a pump alone might relieve the heart of some of 
its Avork, help maintain or improve coronary Aoav, and be available for emer¬ 
gency use at very short notice. It Avas hoped that the reduced cardiac output 
through the lungs Avould be sufficient to accomplish satisfactory oxygenation of 
blood going to the heart, brain, and kidneys and that the loAver part of the 
body Avould Avithstand the relative anoxia. Hamer and his associates 2 ’ 3> 4 have 
recently reported their results Avith ai-terial perfusion of venous blood. They 
proposed its use in patients Avith heart failure and myocardial infarction. We 
felt that our experimental data, lioAA r ever meager, should be made immediately 
available in order to emphasize the potential dangers of veno-arterial pumping 
in patients Avith myocardial infarction. 

MATERIALS AND METHODS 

Jugular Amin blood AA'as pumped into a femoral artery Avith a Sigmamotor 
pump in 14 dogs. The perfusion circuit generally established is shoAvn in Fig. 1. 
Whenever the A’enous blood AA r as pumped into the brachial or carotid artery 
instead of the femoral artery, the animal responded poorly, due to the perfusion 
of the heai’t and brain A\-ith poorly oxygenated blood. 

Prom the Departments of Surgery, Sinai Hospital of Baltimore, Inc., and The Johns 
Hopkins University School of Medicine. Baltimore, Md. 
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Sampling catheters were placed in the aorta at the level of the diaplnagm 
and in the aortic arch. This was accomplished via the femoral and carotid 
arteries, respectively. The blood pressure was monitored with a mercury 
manometer hv means of a cannula in the brachial artery. The perfusion rate 
was obtained by measuring the decrease in blood volume within the graduated 
collecting reservoir over a 15-second period with the inflow tubing occluded. 
Air alternative method was to divert the venous drainage into a graduated 
cylinder for a 15-second period. The two methods checked closely. 



Pier. 1 —Diagram showing- perfusion circuit and location of sampling: catheters. 

Most of the animals were anesthetized with intravenous Nembutal and the 
trachea was intubated. This permitted ventilation with a 95 per cent oxygen- 
5 per cent carbon dioxide mixture through an Emerson intermittent positive 
pressure respirator. While oil this mixture, the blood carbon dioxide usually 
remained within normal limits. Although a few animals were perfused under 
morphine and local anesthesia, having the animal quieter under barbiturate 
was a great advantage and therefore was preferred. 

MovSt of the experiments were not conducted with sterile precautions and 
the animal was later sacrificed. Heparinization was accomplished with a dose 
of 1 mg. per pound. The rate of perfusion was determined by the maximum 
rate of venous flow that could be obtained under different experimental 
conditions. 

In order to produce coronary artery occlusion, a No. 1 silk ligature was 
loosely looped about the anterior descending branch of the left coronary artery 
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(LAD) with a surgeon’s knot and the ends of the ligature were buried sub¬ 
cutaneously several weeks in advance. When occlusion was required, the two 
ends of the suture were exposed and pulled taut. The effectiveness of the acute 
coronary occlusion was checked by electrocardiographic tracings and later post¬ 
mortem examination. 

RESULTS 

In 10 normal dogs, 15 to 25 kilograms, veno-arterial pumping with unoxy¬ 
genated blood was performed for periods varying from 3 to 5 hours at rates 
varying from 300 to 1,000 ml. per minute. Once the technical problems of 
pumping were mastered, survival of the animal could be expected. Our oxygen 
saturation studies indicated that the venous blood pumped into the femoral 
artery did not lower the oxygen saturation of the blood above the level of the 
renal arteries. This held true only as long as the animal’s blood pressure was 
maintained within normal limits. Long-term survival was observed in the only 
dog pumped under sterile precautions. Experiments on the other 9 dogs were 
terminated at the end of the perfusion period. 

In 4 dogs, coronary artery occlusion was produced prior to starting the 
pump. In each instance the blood pressure was satisfactory for 30 minutes 
until the pumping with venous blood began. Within 10 minutes thereafter, the 
blood pressure fell precipitously in all 4 instances. Cyanosis of the mucous 
membranes of the head was observed. Blood pressure was temporarily restored 
by blood transfusion and norepinephrine, in 2 of the 4 animals. Maximum flow 
rates of 100 to 600 ml. per minute were obtained. Death occurred at 8, 10, 15, 
and 60 minutes after instituting pumping. Electrocardiographic examination 
and postmortem examination indicated that 2 of these animals had had an acute 
coronary artery occlusion produced by the previously placed ligature. The 
other 2 dogs had older occlusions, apparently produced sometime following the 
placement of the ligature several weeks previously. Their performance on 
veno-arterial pumping was no better than the 2 dogs with fresh occlusions, 1 of 
which survived for 60 minutes. 

DISCUSSION 

The results obtained suggest that a partial bypass with unoxygenated blood 
may be tolerated by a dog with a normal heart. A line of demarcation between 
oxygenated and unoxygenated blood can be obtained near the level of the dia¬ 
phragm. This point was also demonstrated by Hamer and his co-workers 2 who 
used a radiographic technique. However, when a fresh or recent coronary 
arteiy occlusion exists, the dogs do not tolerate veno-arterial pumping. Pre¬ 
sumably, the myocardium no longer has the ability to maintain a satisfactory 
cardiac output against the action of the pump. Venous blood perfuses the 
upper arterial tree and rapid deterioration in the condition of the animal en¬ 
sues. Dogs which had satisfactorily compensated for a coronary arteiy oc¬ 
clusion were promptly thrown into irreversible shock when venous blood was 
pumped into their arterial systems via the femoral arteiy. 
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Wo have had no experience with animals in heart failure. Theoretically, 
veno-arterial pumping might bo of benefit in patients with right heart failure. 5 
The failing right ventricle would be relieved by continuous phlebotomy while 
the pump returned the blood to the arterial side. This would increase the load 
on the left ventricle but also would increase the coronary artery perfusion. 
However, the newer heart-lung machines are being improved in simplicity and 
efficiency to the point where there seems to be little advantage or justification 
for using the pump alone. 


SUMMARY 

Venous blood was pumped into the femoral artery of 10 normal dogs for 
3 to 5 hours without serious adverse effect. When fresh or recent coronary 
artery occlusion was produced in 4 additional dogs, the same procedure pro¬ 
duced irreversible shock within 10 minutes. It is concluded that veno-arterial 
pumping in patients with coronary artery occlusion would be harmful rather 
than beneficial. 
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POTASSIUM ION AS A CARDIOPLEGIC AGENT IN TOTAL 
CARDIAC BYPASS AND DURING HYPOTHERMIA 
WITH CORONARY PERFUSION 
An Experimental Study 

Abraham Kaplan, M.D., and Bernard Fisher, M.D., Pittsburgh, Pa. 

T he reversibility of potassium, induced cardioplegia does not follow a sys¬ 
tematic pattern. Its unpredictability places it in the category of methods 
requiring discriminative and judicious application. Because of the limited 
physiologic knowledge available, we have attempted to elucidate information 
concerning the fate of this ion when used in cardioplegia. In a previous report 3 
from this laboratory, it was noted in normothermie and hypothermic animals 
that (a) the reversibility of cardioplegia was not uniformly related to the 
amount of potassium injected or to its concentration in the myocardium, (b) 
“washing out” potassium Avas not synonymous A\ r ith resumption of normal 
rhythm, and (c) hypothermic animals subjected to such arrest suffered much 
greater mortality than was observed in a comparable group of normothermie 
dogs. Prior digitalization of the former group, however, had a beneficial effect. 

In a continuation of these studies, the metabolism of potassium during 
cardioplegia has been observed in dogs subjected to total cardiac bypass and 
in hypothermic animals with venous inflow occlusion and coronary perfusion. 
The purpose of this paper is to present information obtained concerning the fate 
of tliis ion under these circumstances. 

METHOD 

Thirty-two mongrel dogs of both sexes, Aveighing 15 to 25 Kg., Avere equally 
divided into two groups—Group I comprised those having total cardiac bypass, 
and Group II those having hypothermia Avitli coronary perfusion. All animals 
Avere anesthetized with intravenous thiopental, 35 mg. per kilogram, and 
supplemented Avith ether when additional anesthetic Avas required. 

A bubble oxygenator and Sigmamotor pump Avere employed for the achieve¬ 
ment of total cardiac bypass in Group I animals. Body temperature was con¬ 
tinuously monitored and maintained at normothermie levels. The extracorporeal 
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system was primed with heparinized Wood (18 mg. of heparin per 500 ml.) 
which had been collected in siliconized bottles from healthy dogs the day of the 
experiment. Following insertion of two Tygon catheters {% inch internal 
diameter) into the venae cavac through the right auricular appendage and 
through a purse-string suture m the wall of the right atrium, they were joined 
to a Y tube and venous blood was collected by gravity into a reservoir, 50 cm. 
below the level of the right atrium. The arterial line was connected to a No. 16 
plastic catheter which was inserted into either the femoral or the subclavian 
artery. Pump flow averaged 65 ml. per kilogram per minute. 

Animals in Group II were made hypothermic by surface cooling in a fashion 
precisely as described many times previously from this laboratory. 3-5 They 
were maintained at a body temperature of 28° to 29° C. during the experiment. 
Artificial respiration was carried out by means of an automatic respirator. 
Coronary perfusion during the period of venous inflow occlusion was ac¬ 
complished by connecting a reservoir of heparinized blood maintained at 37° 
C. to a No. 1G plastic catheter which was inserted via the subclavian artery into 
the ascending aorta. Constant flow (avg. 100 ml./min.) and pressure (130 mm. 
Ilg) of the perfusate were maintained. 

During venous inflow occlusion, coronary sinus blood was withdrawn from 
the right atrium in Group I by needle puncture, and in Group II by a catheter 
inserted into the atrium through the jugular vein. This served to prevent dis¬ 
tention of the right heart as the result of the coronary perfusion, to permit 
blood sampling for quantitative study, and to remove the potassium solution 
used to induce standstill which, after traversing the coronary tree, had ac¬ 
cumulated in the right atrium. 

The rest of the protocol was essentially similar for both experimental groups 
and was identical with that described in our prior report. 5 Bilateral thoracotomy 
was performed through the fourth intercostal space Following venous and 
aortic occlusion, cardiac arrest was produced by the injection of a solution of 
25 per cent potassium citrate (2 ml.), normal saline (18 ml.), and heparin (0.5 
ml.) containing K 4! .* Prior to injection, the radioactivity of the solution was 
determined by placing the loaded syringe beneath a scintillation tube. Follow¬ 
ing the induction of cardiac standstill and during the entire process of resuscita¬ 
tion, radioactivity of the heart was recorded. A sodium iodide, thallium de¬ 
tector for gamma rays (Nuclear Chicago), which fed into a count rate meter 
and this, in turn, into a linear and logarithmic recorder, was used for the pur¬ 
pose. During standstill, a piece of myocardium, HI,, was removed from the right 
ventricular wall for later study. After 6 minutes of venous inflow occlusion 
in Group II, coronary perfusion, which was maintained during this period, was 
stopped, caval clamps were released, and cardiac massage was begun. When a 
stable plateau of activity over the heart was observed, a second sample of myo¬ 
cardium, M s , was removed from the right ventricle and the experiment was 
terminated by sacrificing the animals. 

At autopsy, the heart was removed and its radioactivity was again de¬ 
termined to eliminate all possibility of an overlapping of counts from organs 

•Prom Oak Ridge National Laboratory (10 mllllcurles In approximately 1 ml. of solution). 
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other than the heart which might have occurred in vivo. Tho left and right 
ventricular myocardium, atria, and the septum were separated from each other 
and were individually examined for radioactivity. For that purpose, a sub- 
miniature probe counter tube* was employed. This is a stainless steel tliin-walled 
counter which has a small sensitive volume and generates pulses, the amplitude 
of which are large enough to drive a sealer without need of a pre-amplifier. The 
probe was connected to a sealer and this in turn to a continuous graph recorder. 
It was introduced for a distance of 1 cm. into the depth of the myocardial 
segments. Separate recordings were made from the upper, middle, and lower 
thirds of the ventricular septa. Pieces of lung, liver, and kidneys were taken 
for determination of radioactivity. All samples were dried for 24 hours in a 
100° C. forced draft oven prior to counting. Serial determinations of serum 
potassium, blood pH, and K J= activity in peripheral blood were made before and 
after cardiac standstill. The electrocardiogram was continuously monitored in 
all experiments. 

RESULTS 

Total Cardiac Bypass (Group I).— 

Tho 16 animals in tills group were subjected to 20 minutes of cardiac bypass 
at the onset of which cardioplegia was produced by an average of 12 ml. of the 
potassium solution having an activity of 5.1 million counts per milliliter per 
minute. A typical tracing depicting tho radioactivity of the heart during and 
after cardioplegia with bypass is shown in Fig. 1. The sharp ascending limb, 
due to the proximity of the loaded syringe to the heart during injection, was 
followed by a descending slope associated with withdrawal of the syringe. Radio¬ 
activity remained fairly constant during the period of vascular occlusion and 
cardiac bypass. Upon removal of the aortic clamp a gradual descent of the 
tracing was observed. In this group, during occlusion an average of 3,200 
counts/min. (100 per cent) was obtained by scanning over the heart. Immedi¬ 
ately after removal of the clamps, activity was found to he 97 per cent (3,100 
counts/min.) of the counts obtained during total bypass. At the onset of cardio- 
graphic evidence of electrical activity, the radioactivity was 2,900 counts/min. 
(89 per cent), and by the end of the experiments an average activity of 69 per 
cent (2,200 counts/min.) was detected. Thus, as in all previous groups observed, 
a substantial amount of the injected cardioplcgic solution remained in the heart 
and was not associated with the return of normal rhythm. In this group only 1 
animal failed to return to normal cardiac action before sacrifice. A residual 
activity of 65 per cent was observed in tliis dog. 

A mean activity of 47,000 couuts/gram/min. was demonstrated in the 31, 
sample taken from all animals. From a knowledge of the weight of the heart, 
it may he estimated that approximately 90 per cent of the potassium injected is 
necessary to produce cardioplegia. This has been a constant finding/ The 
activity of the second sample, M => taken at the termination of the experiment 
was 21,000 counts/gram/min., or 44 per cent of the potassium injected to induce 
standstill. 

♦Anton Electronic Laboratories, Inc, Brooklyn. T 
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With, release of the aoi’tie clamp there was a slow increase of radioactivity 
in the peripheral blood. Within 1 minute following the appearance of electrical 
activity on the cardiogram, every animal demonstrated an abrupt augmentation 
of K 42 in the peripheral blood. When normal sinus rhythm resumed, a still 
further increase occurred for a short period, and then a steady decline was 
observed, so that, by termination of the experiment, 37 per cent of the activity 
detected in the first peripheral sample had disappeared. 

The sample of coronary sinus blood taken after standstill was accomplished 
demonstrated an activity of 19,100 counts/ml./min. which represented 0.3 per 
cent of the amount of cardioplegic solution injected. This would indicate that 
during cardiotomy an insignificant amount of the injected potassium is aspirated 
by the coronary suction apparatus. 



The distribution of K 42 detected in lung, kidney, and liver after sacrifice 
of animals was not uniform, there being 5,100, 2,900, and S00 counts/gram/min., 
respectively. 

Measurement of radioactivity in various areas of the myocardium was 
carried out in vitro. A typical tracing is shown in Fig. 2. Average counts per 
minute of myocardium for all animals in this group - were: left ventricle, 9,900; 
right ventricle, 8,800; atrium, 3,400; atrial septum, 4,200; upper third of the 
ventricular septum, 7,700; middle third, 11,100; and lower third, 8,700. 

No change in blood pH was observed. Peripheral serum potassium averaged 
3.7 before, 3.5 during, and 3.0 mEq./L. after cardiac bypass. 

Hypothermia With Coronary Perfusion (Group II).— 

An average of 13 ml. of potassium solution with a mean activity of 4.0 
million counts per minute was necessary to produce cardioplegia in the 16 dogs 
of this group. A typical tracing demonstrating the changes in radioactivity of 
the heart during and after standstill and coronary perfusion is shown in Fig. 3. 
The pattern of activity observed is essentially similar to that reported for Group 
I, with one exception. Upon removal of the clamps in Group I, a gradual fall 
in radioactivity occurred, whereas, in this group, a more abrupt fall was ob¬ 
served. This may be attributed to cardiac massage expressing the potassium 
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from the vascular compartment. Radioactivity remained fairly constant during 
the period of vascular occlusion and coronary perfusion. Coronary perfusion 
under the conditions of these experiments failed to effect a change in the con¬ 
centration of potassium in the stopped heart, but, with removal of eaval and 
aortic clamps, a drop in activity was observed. This decrease was continued 
with cardiac massage. As previously reported, both Figs. 1 and 3 demonstrate 
that the activity of the heart is independent of the concentration of potassium 
in the myocardium. From Fig. 3 it is observed that ventricular fibrillation, 
heart block, and sinus rhythm all occurred while the radioactivity remained con¬ 
stant. 

During occlusion in the 1G dogs an average of 2,700 counts/min. was de¬ 
tected over the heart in situ. This was considered as 100 per cent of activity. 



With cardiac massage, activity decreased to an average of 2,300 counts/min. 
(85 per cent of K” injected). When cardiographic evidence of electrical 
activity was apparent, an average of 2,100 counts/min. (73 per cent of original 
activity) was present. This occurred at a mean time of 5 minutes after release 
of the occlusion clamps. At the termination of experiments, an average of 68 
per cent of the original IO 12 (1,900 counts/min.) was obtained. 

The first sample taken from the myocardium, M,, which was considered 
representative of potassium incorporated during inflow occlusion, averaged 
36,900 counts/gram/min. of heart muscle. The 51, sample taken at the termina¬ 
tion of the experiment averaged 13,500 counts/gram/min. of heart muscle. This 
represented 36 per cent of the activity incorporated into the myocardium at the 
time of occlusion. The apparent discrepancy between the activity detected at 
the end of the experiment by scanning over the heart (6S per cent of injected 
K 1S ) and counts obtained from the M. sample (36 per cent of potassium in¬ 
corporated in the myocardium) is due to the fact that the former refers to 
radioactive counts per minute and the latter counts per gram per minute. Radio¬ 
activity was present, although not uniformly, in every organ assayed. At the 
termination of all experiments, specimens of lung contained an average of 5,900 
counts/gram/min., kidney 2,500 counts/gram/min., and liver 1,697 counts/ 
gram/min. Since no difference in activity of the various organs was observed in 
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animals which had resumed normal rhythm and in those failing to do so, it is 
suggested that the cardiac massage was effective in re-establishing a fairly 
normal circulatory state. 

The coronary sinus blood, including that coming from the coronary per¬ 
fusion and the excess of the injected potassium solution, was collected and an 
aliquot was assayed for activity. An average of 15,800 counts/ml./min. was 
obtained. As in Group I, this represents 0.3 per cent of the injected cardio- 
plegic agent. 

As previously reported for hypothermic animals without coronary per¬ 
fusion, an abrupt increase in K 12 was detected in peripheral blood samples Avith 
removal of caval and aortic clamps. A peak of radioactivity occurred Avithin 2 
minutes after the onset of cardiac massage, and there Avas then a progressive 
gradual decline in the number of counts per sample. An average of 89 per cent 
of the K 1 - activity obtained in the first assay of peripheral blood had disappeared 



Fig 4.—Residual K<- (counts/niin.) activity in various areas of myocardium following cardio¬ 
plegia and resuscitation using hypothermia and coronary perfusion. 

by the end of the experiments. No significant change in blood pH occurred at 
any time. With re-establishment of A'enous infloAV, a slight elevation of serum 
potassium (7.0 mEq./L.) was encountered, but this promptly returned to the 
pre-occlusion leA r el (5.0 mEq./L.). As evidenced by electrocardiographic trac¬ 
ings, 8 of the dogs returned to normal cardiac activity before termination of 
the experiments and sacrifice of the animals. 

After sacrifice, the heart Avas removed. Atrial and ventricular myocardium 
and septum Avere separated and were individually assayed for radioactivity as 
in Group I. A typical tracing appears in Fig. 4. The average counts per 
minute for the 16 animals Avere 6,600 for the left ventricle, 2,400 for the right 
ventricle, and 900 for the atrium. The atrial septum yielded 1,200, the upper 
one third of the ventricular septum 7,500, the middle one third 8,700, and the 
loAver one third 5,700 counts/min. 

DISCUSSION 

Previous studies by us demonstrated that when potassium Avas used as a 
cardioplegic agent in normothermie and hypothermic animals, reversibility to 
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normal cardiac action was independent of the kinetics of tins ion during re 
suseitation Observations lecorded m this papei confirm o\u earlier findings, 
foi total eaidiac bypass and hypothermia w ith coionary peifusron during caidio 
plegia likewise failed to establish a relationship between the “washing out” of 
potassium and the recoven of cardiac function It would seem that potassium 
ancst has so altcied the heart that merely lemoung occlusion clamps and pci 
nutting blood to flow through the coionniy sjstem is in most instances in 
sufficient for a letrun to normal ill} thm 

The dynamic activity of the potassium ion and its intimate connection with 
cell membrane peimeability must be considered It is well known that the 
concentration of potassium ion and its mtraeellulai c\tiacellular giadient plays 
an important ioIc m the sequence of events l elated to electrical potential of the 
tell mcmbianc This relationship between the extiacellulai potassium and the 
tiansmembiane potential lias been expressed m terms of the mathematical 
HOI* 1 

equation E = log Thus, it maj be seen how, bv the injection of the 


eaidioplegic solution (increasing Ko), this equilibrium might he altered That 
such an imbalance can be accomplished without damage seems extremely un 
hkelv, for unless a normal equilibuum of potassium ion is lapidly re established 
on both sides of the cell membianc, and elcctiic potentials reverted to noimal, it 
is difficult to Msualizc a letuni to effective caidiac action 

It has been demonstrated that the distribution of potassium between mtra 
cellulai and extracellular fluids m living tissues is laigely controlled by the cells 
themselves Yet, this factor of self legulation is piobabty dependent upon a 
normal caidiac action, for it has been demonstiated m these experiments that 
it was such an action—and not the mere mechanical work of the pump—which 
was effective m eliminating potassium from the mjocardium While thcie was 
an mciease of K 1J m penpheial blood immediately upon release of occlusion 
clamps, in ev ery experiment there was a further increase with the onset of some 
kind of cardiac activity This increase was furthoi augmented subsequent to 
the resumption of a noimal sinus rhythm To break this cycle, that is, the 
interdependence of myocardial cell function and normal caidiac activity, m om 
expenence maintenance of good coronary circulation has been considered to be 
mandatorj 

Because Efflei and colleagues 6 hare stated that, a high speed coionary flow 
will aid the heart in its recovery from caidioplegia, m several experiments fol 


lowing lemoval of occlusion clamps we mcieosed the flow from 65 ml/kg/min 
to 100 ml /kg /nun No difference in the speed of lecovery or m the piesencc of 
anhythmias was obsened While such perfusion might he expected to eliminate 
potassium in the vascular space, intracellular potassium cannot be eliminated 
bv such mechanical means, for had such measures been effective, animals in 
Group II (coionary perfusion) might have been expected to demonstrate a 
gientei amount of KY m the atrial blood sample and a lessor activity ui the M a 
mjoeaulial sample 


r= electropotential difference 

tassium 


Ivi = Intracellular potassium JFCo = extracellular po 
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In these experiments a eardioplegie threshold was reached when an average 
of 40,000 counts of K 42 was incorporated into each gram of myocardium. A 
greater amount of potassium is required to approach the eardioplegie threshold 
in clinical open heart surgery when long-standing disease has caused dilatation 
of the chambers and hypertrophy of the myocardium to three or four times the 
normal size. Since 44 per cent of the injected potassium in Group I and 36 per 
cent in Group II were found in the myocardium at the end of these experiments, 
it might well be expected that the amount of residual potassium in clinical cases 
will likewise be of larger magnitude. 

Our studies have indicated that the remaining eardioplegie agent 
(potassium) cannot be indicated as the factor responsible for the production of 
temporary arrythmias, bundle branch block, fibrillation, etc. It is our impres¬ 
sion that perhaps the only part of the procedure of induced standstill which is 
entirely a function of the amount of potassium injected is the cardioplegia itself. 
Events following the inception of standstill are influenced by factors which at 
present are unknown. 

Elective cardiac arrest is often followed by cardiac arrhythmias. In Group 
I only 2 animals fibrillated, whereas, in Group II (coronary perfusion and 
hypothermia) 90 per cent of the dogs fibrillated one or more times after the re¬ 
establishment of the coronary flow. Electric shock was used for defibrillation. 
The 2 animals of Group I reverted to sinus rhythm immediately after defibrilla¬ 
tion, whereas in Group II only 50 per cent reverted to sinus rhythm after 
demonstrating a variety of arrhjihmias, the most common of which was heart 
•time during resuscitation. Effler and colleagues 2 have reported that in several 
J block. Thirty per cent of the dogs in Group I demonstrated heart block at some 
cases complete heart block has occurred when anatomic disruption of the con¬ 
duction bundle seemed unlikely, and they attributed this to poor perfusion of 
the myocardium and surgical trauma. Melrose, 8 in discussing the same paper, 
stated that “ . . . hearts will always start again provided they are not over¬ 
stretched.” In our experiments, surgical trauma was slight since little was done 
to the heart itself, coronary perfusion was satisfactory, overstretching of the 
myocardial fibers was avoided, and there was no anatomic disruption of the 
conduction system, since stitches were not placed near the septum. In spite of 
this, arrhythmias were not avoided during the period of resuscitation. 

To evaluate the possible role of potassium as an etiologie factor producing 
these disturbances, the amount of this ion accumulated in various areas of the 
heart was determined. More K 42 was found in the atrial septum than in the 
atrial myocardium; more in the ventricular septum than in the ventricular 
muscle; and a greater amount in the left than in the light ventricular wall. 
The greatest radioactivity was registered in the middle one third of the ven¬ 
tricular septum. Perhaps these differences may be due to a greater vascularity 
and larger muscle mass in the ventricular septum. "Whatever the explanation, 
it would seem that frequent and persistent arrhythmias might be due to the 
greater amount of potassium accumulated in the path of the conducting system. 
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SUMMARY 

Potassium is being used clinically as a cardioplegic agent in spite of limited 
physiologic knowledge concerning the fate of this ion. Previous studies by us 
in normothcnnic and hypothermic animals demonstrated that (a) reversibility 
of cardioplegia was not uniformly related to the amount of potassium injected or 
to its myocardial concentration, and (b) that “washing out” potassium did not 
imply a resumption of normal rhythm. 

In this investigation, information was obtained concerning the fate of 
potassium (K 42 ) used as a cardioplegic agent in animals subjected to either 
total cardiac bypass or hypothermia with coronary perfusion. These studies, 
aside from adding confirmation to our previous findings, supply evidence that 
(1) once potassium induced cardioplegia is accomplished, its reversibility is 
largely beyond our control; (2) mechanical means arc effective in “washing out” 
only the potassium accumulated in the vascular space and that re-establishment 
of normal intra- and extracellular equilibrium of this ion is dependent upon 
other factors; (3) there is an uneven distribution of potassium £K 42 ) within the 
heart, the greatest amount found in the middle one third of the ventricular 
septum, which might explain the frequent and persistent arrythmias which occur 
following the use of this agent; and (4) experimental data suggest that the in¬ 
discriminate use of potassium as a cardioplegic agent is hazardous. 
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POSTOPERATIVE EAR OXIMETER STUDIES IN 
THORACOTOMY PATIENTS 

II. Variations With Operative Procedures and With the Stir-up Regime 

Theodore C. Smith, M.D., and Karl L. Siebecker, M.D., 

Madison, Wis. 

I nvestigation of pulmonary physiology in post-thoracotomy patients lias largely 
been concerned with the late results of resectional surgery or thoracoplasty. 
There are few reports of such studies in the immediate postoperative period. 
Hood and Beall 1 demonstrated arterial oxygen desaturation and respiratory 
acidosis developing in about 50 per cent of patients in the first hour after anes¬ 
thesia. Alveolar hypoventilation was considered the major functional derange¬ 
ment. Mastio and Allbritten 2 extended such studies to the first postoperative 
day. They found that alveolar hypoventilation continued through the first 
postoperative day, and that both respiratory and metabolic acidosis developed 
following eight upper abdominal operations, and seven nonresective thoracic 
operations. Blair and Hickam, 3 in their study of intrapulmonary gas mixing, 
included data on lung volumes, minute ventilation, and maximum breathing 
capacity in the second week postoperatively in 5 lobectomy patients. They 
found normal ventilation by this time, but demonstrated increased impairment 
in intrapulmonary gas mixing. Our group recently made a preliminary report 
on arterial blood oxygen saturation for 10 consecutive postoperative days on 
patients undergoing pulmonary resections. 4 Saturations were found to be 
lowest on the second and third postoperative days. Extension of these studies 
should provide a more rational approach to the care of postoperative patients. 
To this end w r e have begun investigation of various parameters of pulmonary 
function. The purpose of this report is threefold: (1) to present in detail the 
daily oxygen saturation in patients undergoing various procedures, (2) to 
corroborate the value of the stir-up regime, and (3) to present certain argu¬ 
ments bearing on the mechanism of postoperative arterial blood oxygen de¬ 
saturation. 

METHODS AND MATERIAL 

Sixty-two male patients undergoing 63 thoracic operations for tuberculosis 
were studied. Arterial blood oxygen saturation was determined, using a single 
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scale ear oximeter. The same ear piece was used throughout the stu 
same two anesthesiologists performed the tests. The ear piece was al 
warm the pinna of the ear until a constant reading was established, usually 5 
to 10 minutes. The preoperative arterial blood oxygen saturation was deter¬ 
mined cither the day before the operation, or on the morning of the operation 
after the administration of only a belladonna alkaloid as preanesthetie medica¬ 
tion. Postoperative determinations were made on the operative day and for 
10 consecutive postoperative days. After the saturation at rest was recorded 
the patient was asked to take 3 or 4 deep breaths. A second reading was re¬ 
corded when the galvanometer restabilized. 

Twenty-six patients had operations consisting of resection of one or two 
segments of the lung. The raw surfaces of the remaining segments were covered 
with pleura as much as possible to decrease air leak. Two of this group had 
postoperative atelectasis, 1 requiring bronchoscopy. Two others had hemorrhage 
requiring re-operation. Saturations for the latter were recorded as days after 
the second operation. Only 3 patients received oxygen therapy longer than 
24 horn's, and none longer than 4S hours postoperatively. Narcotics were used 
discriminately to relieve pain and the stir-up regime was mandatory. 

Twenty-three patients underwent excision of a pulmonary lobe. Six of this 
group had atelectasis, 2 requiring bronchoscopies. One additional patient had 
atelectasis and pneumonitis requiring continued oxygen therapy. lie died of 
respiratory insufficiency on the tenth postoperative day. No other patient re¬ 
quired oxygen therapy beyond 3G hours. Narcotic administration and nursing 
care were comparable to the first group. 

Thirteen patients underwent more extensive procedures, including pneumo¬ 
nectomy, thoracoplasty, extensive decortication, and plombage. These patients 
were grouped together as miscellaneous procedures, both out of statistical neces¬ 
sity, and because it was thought there was a greater compromise of lung tissue 
than with the previous two groups. There was one death, 2 days postpneumo¬ 
nectomy, and 2 cases of atelectasis not requiring bronchoscopy. No patient re¬ 
quired oxygon after 36 hours, except 1 who was moribund. In this group, also, 
narcotic administrations were individualized and frequent stir-ups demanded. 

RESULTS 

The daily saturations and standard deviations of each of the three groups 
and of the entire group are presented in Table I. The distribution of individual 
saturations within each group was far from the “normal curve,” being skewed 
with the tail toward desaturation. The standard deviations quoted are therefore 
large, hut do provide an estimate of the range of the individual saturations. 
The highest saturations were recorded on the operative day in all three groups. 
This is a reflection of the routine administration of oxygen therapy on this day. 
Oxygen saturations decreased for 48 hours. Thereafter the average saturation 
for the lobectomy and segmental resection group tended to rise slowly toward 
normal at the end of a week. Patients undergoing more severe operations had 
lower saturations and did not attain preoperative levels within the first 10 days 
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of tlie study. There was a tendency observed with the lobectomy patients to 
have a slightly higher saturation on any given day than those patients under¬ 
going segmental resections. The higher preoperative and operative day averages 
of the lobectomy group suggest that this may be due in part to a systematic 
error in the measurements. However, the greater variance of the segmentectomy 
group support a conclusion of greater disability for many patients in this group. 

Table I. Daily Arterial Oxygen' Saturation 




DAY OF 
OPERA¬ 

POSTOPERATIVE DAY 

OPERATION 

PREOP. 

TION 

1 1 1 

2 I 

3 

1 4 | 

5 1 

mm 

7 1 

8 

1 9 | 

10 

23 Lobectomy 
Average saturation 
± S. D. 

94.8 

3.3 

97.2 

3.0 

92.6 

4.9 

90.5 

5.S 

92.8 

3.8 

93.5 

3.0 

91.6 

3.8 

93.4 

3.4 

93.5 

5.0 

95.0 

2.7 

94.6 

3.6 

93.2 

4.1 

26 Segmental resec¬ 
tion 

Average saturation 
± S. D. 

92.8 

5.5S 

95.8 

3.75 

92.1 

4.8 

89.2 

5.8 

91.1 

5.7 

91.3 

5.3 

92.6 

4.8 

91.4 

4.4 

92.7 

3.4 

93.3 

3.4 

94.0 

4.0 

94.0 

2.5 

14 Miscellaneous 
Average saturation 
± S. D. 

92.5 

4.4 

95.8 

3.6 

92.8 

4.0 

87.4 

9.6 

88.7 

7.2 

92.2 

3.5 

S9.8 

5.9 

90.1 

5.0 

91.3 

6.3 

90.7 

3.5 

89.6 

8.0 

90.5 

6.4 

Average of 63 
operations 
Average saturation 
± S. D. 

93.5 

4.8 

96.2 

5.9 

92.5 

4.7 

S9.3 

6.9 

91.2 

5.5 

92.4 

4.3 

91.6 

4.9 

91.9 

4.3 

92.8 

4.7 

93.5 

3.7 

93.4 

5.1 

93.0 

4.4 


Table II. Change in Saturation "With 3 to 4 Deep Breaths 


postoperative day 



K2S51 

1 1 

2 1 

3 

1 4 | 

5 1 

6 

1 7 | 

8 

1 3 1 


Lobectomy 

On air 

94.8 

92.2 

90.9 

92.7 

93.6 

91.5 

93.4 

93.5 

95.0 

94.6 

93.2 

After 3 to 4 deep 
breaths 


96.3 

94.S 

95.4 

95.8 

95.1 

96.0 

96.0 

96.4 

96.4 

95.1 

Rise in saturation* 


4.1 

3.9 

2.7 

2.2 

3.6 

2.6 

2.5 

1.4 

1.8 

1.9 

Segmental resection 

On air 

93.7 

91.2 

S9.2 

91.1 

91.2 

92.6 

91.4 

92.7 

93.3 

94.0 

94.0 

After 3 to 4 deep 
breaths 


95.0 

94.1 

94.5 

93.1 

95.6 

94.0 

95.5 

95.8 

96.1 

95.7 

Rise in saturation* 


3.8 

4.9 

3.4 

1.9 

3.0 

2.6 

2.8 

2.5 

2.1 

1.7 

Miscellaneous 

On air 

93.7 

91.5 

87.2 

88.7 

92.2 

S9.8 

90.1 

91.3 

90.7 

89.6 

90.6 

After 3 to 4 deep 
breaths 


94.4 

91.9 

92.9 

94.8 

93.5 

93.6 

95.0 

94.4 

93.1 

93.2 

Rise in saturation* 


2.9 

4.7 

4.2 

2.6 

3.7 

3.5 

3.7 

3.7 

3.5 

2.6 


•Significant at the 1 per cent level in all days and all groups. 


There was a greater tendency for the segmental resection patients to exhibit 
higher saturations than the miscellaneous group. These observations were ob¬ 
scured somewhat by the wide scatter of the saturations hi each group, but when 
the entire postoperative period is examined, the difference between lobectomy 
and segmentectomy patients, and between segmentectomy and miscellaneous pro¬ 
cedures is significant (P less than 0.02 per cent). 
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Table II piesents tlie change m saturation measured after 3 or 4 
Only patient days without oxygen therapy were included m this coil 
P \alues weie calculated by Student “t” test The rise in satuiat 
these few deep breaths is stuking and highly significant (P less tlm 
The mcieaso was in pait dependent on the degiee of icstmg desatuiati 
gieatest inciease was on tlie second and third postoperative day vvlie 
tions weie lowest, avei aging 3 9 to 4 9 per cent mcieaso All thie 
showed compaiable increases 

Ten patients had clinical and/or roentgen signs of atelectasis 
on ulucli the patients underwent bionehoscopies or on which the} weie given a 
“tracheobronchial toilet” or other definitive theiapy, was designated as a 
‘‘critical day ” Table III presents the average oxygen satuiations of these 
patients on the critical day and for 2 dais before and aftei The change in 
satuiation fiom the day befoie to the day aftei the critical day is significant 
(P less than 0 05 per cent) even foi this small group of patients 


Table III Satupations op 10 Patients With Ateiectasis 



2 DAYS BEFORE 

CRITICAL DAY 

1 DAY BEFORE 

CRITICAL DAY 

CRITICAL 

DAY 

1 DAY AFTEP 

CRITICAL DAY 


Resting' satura 

001 

88 9 

90 0 

93 7 

§Sn§| 

tion ± SE 

13 

17 

1 6 

12 

mam 

After stir up 

931 

92 0 

93 4 

9G0 

95 9 

± SE 

37 

21 

17 

13 

07 


DISCUSSION 

There is a ceitam amount of stimulation and anxiety on the part of the 
patient which attends arterial pun etui e which would tend to mask hypoxemia 
if it were due to hypoventilation The value of the single scale oximetei in 
estimating aitenal blood oxygen saturations has been widely questioned How 
ever, we feel that when it is used to eompaie day-to day or minute to minute 
changes m the same patient, it is a clinically useful tool Fnrthei, when huge 
numbers of estimations aie statistically grouped, the lclative changes aie thought 
to be quite reliable 

An aveiage deeiease in saturation could be produced by- a few very' de 
satuiated patients This was not the case in our patients Fig 1 shows the 
fiequencv distribution of satuiations for the entire series ovei the 12 day period 
studied It demonstiates that modal and median saturations are depiessed m 
the fiist 72 liouis postopeiatively, and rise slowly m the next 7 days 

The desaturation desenbed m our initial report might have been due to a 
dispioportional desatuiation attending a specific opeiativ e pioccduio That this 
was not tine is most clearly shown in Fig 2 Although tlieie is some diffeiencc 
between the values of each of the tluce operative gioups the sinnlaiity of the 
shapes of the graphs is striking One would expect the technique of segmental 
resection to produce a greater although temporary alteration in pulmonary 
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function than the procedure of lobectomy. Our results substantiate such a view 
and are consistent with the anticipation of greater alterations in physiology 
following pneumonectomy, decortication, thoracoplasty, etc. 

It is commonly observed that patients who seem to he doing well on the 
operative afternoon or on the first postoperative day may later develop pul¬ 
monary complications. This suggests there are progressive changes continuing 
for several days. The finding of lower saturation on the second and third days 
than on the operative or first postoperative day is evidence for such continuing 
changes. To he sure, many patients developed minimal desaturation in the first 
several days, hut many others had marked desaturation. Clinically evident 



Fig 1—Three-dimensional histogram of the da% -to-day satui ations One the honzontal 
axis extending back into the distance the saturations have been pooled into groups of 3 per 
cent The heights of the histograms represent the number of patients with saturations in the 
indicated 3 per cent interval The skewed distribution of the values is evident This dia¬ 
gram demonstrates that the trend to desaturation is a general one, although there may be 
considerable difference in degree of desaturation from patient to patient 


cyanosis was uncommon except in the very ill. Desaturation on the second or 
third day was not predictive of subsequent complications or prolonged morbidity. 
Some patients with saturations in the range of 85 to 90 per cent did not have 
clinically evident complications But certainly any patient with decreased ar¬ 
terial oxygen content runs a greater risk of complication. 

There are three points that can be made from these data. (1) More ex¬ 
tensive surgery seems to produce more extensive alteration in function. (2) 
Therapy directed specifically toward pulmonary complications is effective. This 
is demonstrated both by the increase in oxygen saturation following 2 or 3 deep 
breaths, and by the increase in saturation in those patients with atelectasis, 
following bronchoscopy, tracheobronchial toilet, etc. (3) Whatever alteration 
in function may be responsible for the desaturation, it is in large part reversed 
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by a feu voluntary deep breaths Inspection of Fig 3 shous an almost 
saturation reached after 3 oi 4 deep bienths, no matter uliat day oi 
lesting saturation might bo 

At oui altitude, noimal aheolar pO. is approximately 100 to 110 
This cannot be meieased except by oxygen therapy or by hypenentilation suf- 
ficrerrt and prolonged enough to louei significantly the alveolar pC0 2 Even if 



Fig 2—Average satuiations In three groups of patients undergoing open thoracotomy 



I I- 1 t I ■ I —4 . 


I 23456789 10 


Fig 3 —Comparison of av erage saturations in three groups of patients before and after 
3 or 4 deep breaths No patient receiving oxjgen was included in this compilation The 
preoperative average saturation is represented by a dot at the left of each pair of graphs 
The groups are identified by L —lobectoni} S —segmental resection M —miscellaneous pro 
ceaures 


the deep breathing utilized m this expeiiment ueie sufficient to lowei the pCO-, 
it would have leturned toward the initial le\cl by the time the oximetei was 
rcealibiatcd Theiefoie, the rise in satuiation must he due in greatest pait to 
a mechanism which does not mvohe a supianouual aheolar pO. 
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Diffuse subelinical atelectasis has been suggested as a possible mechanism 
of arterial desaturation in postoperative patients. One would not expect 3 or 4 
deep breaths to re-cxpand large portions of such atelectatic areas. Nor would 
elevation of alveolar p0 2 with oxygen therapy in such circumstances result in 
significant elevation of arterial blood oxygen saturation. Thus, the marked 
increase noted on the operative day is inconsistent with diffuse collapse at that 
time. In 10 patients with definite atelectasis, specific therapy directed toward 
the complication was found to increase the saturation significantly. An increase 
in saturation with deep breathing was noted both before and after resolution 
of the atelectasis. This indicates that there were additional mechanisms for 
desaturation. 

Reduction in diffusion capacity of the lung for oxygen has also been sug¬ 
gested as another mechanism for desaturation. 4 The normal diffusing capacity 
for oxygen is approximately 20 to 25 c.e. 0 2 /minute/mm. Ilg/M. 2 body surface. 
It would require a reduction of 75 per cent to produce the observed saturations 
in the average patient, i.e., an increase in driving pressure gradient of oxygen 
of 400 per cent. From the flattening of the oxygen-hemoglobin dissociation 
curve above 90 per cent saturation, one must conclude that a rise in arterial 
saturation of the magnitude observed after deep breathing would be possible 
only with a supranormal alveolar p0 2 , if a diffusion defect were the primary 
mechanism involved. If there were a diffusion defect in these patients, it was 
neither very great nor responsible for the observed desaturation. 

Possible mechanisms for arterial desaturation include alveolar hypoventila¬ 
tion with either depression of the central nervous system or mechanical impair¬ 
ment including pain, defects in intrapulmonary gas mixing, or alteration in the 
ventilation-perfusion ratio. Hypoventilation has been documented in the first 
24 to 36 hours postoperatively 1 ’ 2 and is the most probable cause of prolonged 
desaturation. More specific pulmonary function testing may confirm this view 
and indicate the relative importance of depression, pain, and mechanics. 

SUMMARY 

The day-to-day oxygen saturations in 63 open thoracotomy cases are pre¬ 
sented. The three surgical groups, lobectomy, segmental resection, and mis¬ 
cellaneous procedures, were shown to be qualitatively similar with greatest de¬ 
saturation in the second postoperative day and improvement slowly thereafter. 
Quantitatively, the miscellaneous group exhibited the greatest desaturation and 
the lobectomy group the least, but the segmentectomy group had the most rapid 
recovery. Saturations in all three groups after a few deep breaths were found 
to approach normal. This excludes diffuse subelinical atelectasis and defects in 
diffusion in the lung as likely mechanisms producing the arterial saturations 
observed. 

Appreciation is expressed for the help of Paul E. Sadler, M.D., for assistance in the 
early portion of this work, and to Richard H. Wasserburger, M.D., for assistance in prepara¬ 
tion of the manuscript. 
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TECHNICAL PROBLEMS IN THE SURGICAL REPAIR 
OF INTRATHORACIC ANEURYSMS 


Robert G. Ellison, M.D., Jerome A. Cope, M.D.* and 
William H. Moretz, M.D., Augusta, Ga. 

T he major problems associated with the surgical management of thoracic 
aortic aneurysms are concemed either with vascular occlusion required 
during the course of the repair or with technical aspects of the actual repair. 
Whether or not complete vascular occlusion is required depends upon both the 
type of aneurysm present and the kind of repair utilized. For example, a 
saccular aneurysm in which the neck can be isolated, clamped, and sutured will 
not necessitate complete occlusion of the aorta, while a fusiform or large saccular 
one which is to be completely excised and replaced with a suitable graft will re¬ 
quire complete proximal and distal occlusion. 

The ill effects of cross-clamping the aorta arise from the increased pressure 
which results proximal to the occlusion and/or from the decreased pressure and 
resultant decreased blood flow distal to the occlusion. The degree of hyper¬ 
tension which occurs proximal to the occlusion depends upon the level of the 
occlusion. Cross-clamping the arch of the aoi’ta produces a greater increase in 
proximal pressure than clamping the aorta just above the diaphragm. The more 
proximal cross-clampings may produce such a high pressure and increased re¬ 
sistance that acute heart failure or cerebrovascular accident may be precipitated. 

Of more common occurrence are the results of decreased blood flow distal 
to the occluded segment. The tissues of the central nervous system are most 
sensitive to ischemia. Occlusion proximal to the left common carotid artery 
may produce hemiplegia, although not infrequently good blood flow through one 
common carotid artery may be sufficient to nourish the entire brain. One of the 
greatest hazards of thoracic aortic occlusion is the risk of spinal cord ischemia, 
since the chief components of the anterior spinal artery are composed of the 
radicular branches from the thoracic aorta. 1 

Clinical experiences with the length of time during which the descending 
thoracic aox’ta may be safely occluded have varied. Crafoord 2 successfully oc¬ 
cluded the aorta for 27 minutes while repairing a patent ductus arteriosus, 
while Chamberlain 3 stated that neurologic damage may follow occlusion for 
24 minutes. Adams 1 recently gave 18 minutes as probably the maximum safe 
occlusion time. In our own experience, paraplegia resulted from a 13-minute 

From the Department of Surgery. Medical College of Georgia, Augusta, Ga. 

Supported by grants from the U. S. Public Health Service (H-289-1) and Georgia Heart 
Association. 

Received for publication June 15, 1959. 

* Present address: Long Beach. California. 

4S6 



Vo! 39 No 4 surgical repair of intrathoracic ANEURYSMS 

April, I960 

occlusion associated with tlve insertion of a Ilufnagel valve, although 
instance ligation of three pairs of intercostal arteries may have contributed to 
the spinal cord ischemia. 

Since other tissues aie normally much less sensitive to hypoxia than nervous 
tissue, measures taken to avoid cord damage usually are adequate to protect 
the kidneys and other tissues \\ itliin the abdomen. 

One veiy serious hazard which is probably the result of peripheral hypoxia 
is the diminished peripheral resistance which not infrequently follows periods 
of aortic occlusion. Severe hypotension may occur as the occluding clamp is 
released, m spite of releasing the clamp slowly and m spite of adequate blood 
replacement and/or vasopressor agents 

Surgical exposure must be wide enough to allow an approach to the aorta 
at a safe distance from the aneurysm, both proximally and distally. The aorta 
should be exposed on each side of the aneurysm prior to dissection near it since, 
if the aneurysm is inadvertently entered, prompt control is mandatory. 4 We 
have favored bilateral anterior thoracotomy with median sternotomy for 
aneurysms of the ascending aorta or arch, although other approaches may be 
used 5 Closure of the wounds has not been a problem and disruption has oc¬ 
curred in only one instance, following extensive mediastinitis 

The following ease histones, most with an tuifax orable outcome, have been 
selected from our experiences to illustrate some of the more common problems 
which arise in management of the various types of thoracic aneurysms 

CASE REPORTS 

A Anew ysm of Ascending Aoi ta .— 

Case 1 —J. G, a 44 year old Negro man, had an orange sized syphilitic aneurysm arising 
from the ascending aorta and projecting anterolaterall) to tho right (Fig. 1, A). Exposure 
was obtained through a right anterior thoracotomy in the third intercostal space with median 
stornotomy to the jugular notch. The aneurysmal neck was occluded easily with a cloth 
covered intestinal clamp, enabling excision and repair with interrupted No 3 0 silk sutures 
(Fig. X, B). Tho ascending aorta was thus reconstructed to a norrnnl diameter. 

Case 2 —J C , a 45 year old white man, had a syphilitic aneurysm involving the left 
aspect of the ascending aorta and inferior aspect of the arch (rig 2, A and B). The large, 
grapefruit sized aneurysm was quite adherent to the trachea posteriorly and pulmonary arterj 
antonorlj Anatomically, this sac was so situated and its neck was so wide that it could not 
have been managed bj means of a lateral reconstruction without aortic occlusion It was 
planned to use a temporarj shunt enabling aortic occlusion with reconstruction of the arch, 
howexer, the sac was madxertcntly entered at the junction of the sac and ascending aoTta 
Massive bleeding which followed was controlled bj placing a clamp parallel to the ascending 
aorta on the neck of the aneuijsm and across the aortic arch distal to the innominate 
artery. Cardiac arrest occurred but with rapid blood replacement and cardiac massage an 
effectno heartbeat was restored With tho arch occluded and blood flowing to the brain 
through the right innominate arterj, the inferior aspect of the arch was reconstructed (Fig 
2. C) Although tho patient survived the surgery, he died later from cerebral damage 

The successful management of this type of aneurysm necessitates measures 
to avoid cerebral ischemia In 1 patient, operated upon with Dr. Mark Wolcott 
at tlie Veteians Administration Hospital, the innominate and left common 
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carotid arteries were occluded 15 minutes during a restorative endoaneu- 
rysmorrhaphy. Blood flow to the brain was thus limited to the left vertebral 
artery during the repair. The patient survived without evidence of neurologic 
damage only to die later of other complications. 

Hypothermia of a moderate degree (lower limit, 90° F.) adds considerable 
protection to the brain in aneurysms in this area. When the aneurysm is in 
the innominate artery and temporary occlusion of the left common carotid is 
necessary, hypothermia may be adequate to protect the brain. 



Fig-. 1 — A, Posteroantenor x-ray of chest showing saccular aneurysm of ascending aorta S, 

Lateral aortorrhapliy. 


On the other hand when an aneurysm is as extensive as in Case 2, arch re¬ 
placement probably should be the goal. This would necessitate a bypass shunt 
from ascending aorta to cerebral vessels and distal aorta Considerable experi¬ 
mental and clinical studies have been presented by Izant,® Ilardin, 7 ’ 8 Strana- 
han,° Cooley, 10 and Creech 11 and their associates. The shunts must be of 
sufficient inside diameter to avoid increased resistance to flow, otherwise acute 
left heart failure may occur. Ilardin and associates 8 demonstrated experi¬ 
mentally that the heart would not tolerate shunts of small diameter and that 
hypothermia and partial inflow stasis were necessary if small shunts were used. 
Stranalian 9 suggested shunts with an inside diameter of 10 mm. or larger in 
the presence of hypertension or coronary disease. During arch replacement, 
Cooley and associates 10 combined hypothermia and a shunt with an inside 


Fig 2— A, Posteroanterlor x-iay of chest which shows large ancuiy^n arising from 
inferior aspect of aortic arch B, Drawing which shows large aneurjsm arising from inferior 
aspect of aortic arch C, Drawing which shows completed reconstructse aneurysmorrhaphy 
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diameter of 14 mm. with fall in pressure distally of only 10 mm. Hg when the 
aorta was occluded. Without the use of hypothermia, larger shunts, probably 
up to 2 cm. in diameter, will be necessary. 11 

Recently De Bakey and associates 12 ’ 13> 14 have presented another approach 
to aortic aneurysms. During total cardiac bypass, using a modified DeWall- 
Lilleliei pump-oxygenator, aneurysms of the ascending aorta and arch have been 
successfully operated upon. 

B. Aneurysms of Innominate Artery and Arch of Aorta .— 

Aneurysms involving the innominate artery frequently can be satisfactorily 
managed by means of aneurysmectomy with ligation of the right subclavian 
and common carotid arteries. More often, however, there is associated involve¬ 
ment of the aortic arch or the aneurysm arises in the innominate adjacent to 
the arch so that there is a wide neck of several centimeters at the arch. In this 
area, aneurysms are densely adherent to the superior vena cava, innominate 
vein, and trachea, and frequently have eroded into the anterior chest wall. Such 
an aneurysm must be approached widely and extreme precautions are necessary 
in its mobilization until the proper time arrives to occlude its neck. 4 If the 
left common carotid artery is not involved it is usually densely adherent to the 
wall of the aneurysm and must be separated with care. 

Case 3.—J. J., a G5-year-old Negro man, had a saccular aneurysm of the innominate 
artery which tilled the superior mediastinum and presented in the low anterior cervical region 
as a large orange-sized pulsating mass (Fig. 3, A and B). This aneurysm was approached 
through an anterior bilateral thoracotomy in the third intercostal space combined with 
median sternotomy to the jugular notch. Since it was necessary to occlude the left common 
carotid artery when the neck of the sac was occluded, a compressed Ivalon sponge graft* was 
placed from the side of the ascending aorta to the end of the divided right common carotid 
(Fig. 3, C). Cerebral blood flow was maintained through the left carotid for 50 minutes while 
the graft was placed on the right. Thereafter, cerebral flow was provided through the graft 
to the right common carotid for 40 minutes while the aneurysm was being removed. All of 
the aneurysm was removed except its posterior wall which was densely adherent to superior 
vena cava, trachea, and mediastinal tissues. Postoperatively, the patient developed an ex¬ 
tensive mediastinitis which could have been related to the residual sac or the plastic prosthesis. 
Even though he had cerebral flow through one carotid artery at all times and eventually in 
both, right hemiparesis developed. This was improving when he began to deteriorate from 
mediastinal infection. His death resulted from exsanguination due to rupture of the aorta 
adjacent to the suture line at the base of the left common carotid artery. 

It lias been demonstrated by Balmson 1 that sacrifice of the innominate 
artei’y is tolerated unusually well; in one paper he mentions that this had been 
done in 5 patients without sequelae. There is an approximate mortality of only 
5 per cent with ligation of one carotid artery but a morbidity as high as 40 
per cent. 15 

Case 4.—T. B., a 50-year-old Negro man, had a very large innominate artery aneurysm 
which proximally involved the aortic arch and distally extended well into the neck (Fig. 4 , A). 
The aneurysm was exposed through an anterior bilateral thoracotomy in the fourth inter¬ 
costal space. It seemed to arise from the arch with a base of some 5 cm. Prior to dissecting 
around the aneurysm, a 2 cm. diameter temporary bypass shunt of compressed Ivalon sponge 
was sutured to the side of ascending aorta and descending aorta beyond the arch. About 
the midpoint of the Ivalon shunt was a T-limb into which was inserted a plastic Y adapter 


*The use of compressed Ivalon sponge grafts has been discontinued. 



Fi£ 3 -—A Posteroantenor \ raj of chest which shows large aneurysm arising In In 
nominate arterj at Its origin from the aortic arch D, Drawing which shows large aneurism 
arising in innominate arterj at its origin from the aortic arch C Drawing which shows 
completed repair with compressed I\alon graft from aortic arch to innominate artery 
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with two No. 16 F. plastic catheters which were inserted into the carotid arteries, the right 
in the neck and the left within the thorax (Fig. 4, Z>). The arcli uas then isolated by oc¬ 
clusive clamps while circulation uas maintained to all organs through the shunt. The femoral 
artery pressure, which was being monitored with a Statliam transducer and Cambridge re¬ 
corder, did not change until aortic occlusion and remained at about 100 mm. Hg systolic 
during the hour on the bypass. Caidiac function seemed good during the bypass, indicating 



B 

Pig- 4 — A, Posteroanterior x-ray of chest which shows innominate artery aneurysm ex¬ 
tending into neck, B, Drawing which shows temporary bypass graft to provide blood now 
to brain and distal organs during reconstruction of aorta. 
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that the size of the shunt was adequate After aortic occlusion, the aneurysm w 
w idely and evacuated of thrombus m varying stages of organization. The ne< 
aneurjsm was found to be 5 cm m length, arising at the junction of the arch, i 
artery, and left common carotid arteries Reconstruction was accomplished with < 

•sutures of No. 2 0 silk in such a manner as to restore flow through all head arteries 
the sac wall was excised, but it did not seem feasible to attempt excision of the sa« 
adherence to trachea, superior rein car a, and innominate artery. The bypass funct 
and technically the repair was satisfactory During the latter part of the operatu 
from all raw surfaces became quite severe, although bleeding had not been a proble 
The patient failed to respond to the usual measures and died m the recovery roc 
hours postoperative!} while recemng the twent} fifth pint of blood 

C. Aneurysms of Descending Thoracic Aorta — 

Complications as a result of occlusion of the descending thoracic f 
pend upon the level of occlusion, whether occluded at two levels simulta 
duration of occlusion, division of intercostal arteries, and extent 
laterals ** 1C » 17 

It has been demonstrated that the duration of aortic occlusion can } 
extended by the use of hy pothermia” and, also, that the use of tempi 
permanent bypass shunts eliminates the dangers of aortic occlusion. 1 ' 
docs not, however, eliminate the dangers of cord ischemia as a result of 
o£ intercostal arteries at the site of the aneurysm It is entirely likely, 1 
that the piesence of the aneurysm has stimulated the development of col 

Case 5—-M W, a 65 year old Negro woman, had a grapefruit sized saccular ancur} sm 
of the upper descending thoracic aorta The aneurysm had eroded the thoracic vertebral 
bodies and compressed the trachea and esophagus (Fig 5, J). Exposure was obtained 
through a bilateral thoracotomy A compressed Ivalon graft, 2 cm m diameter, was inserted 
b) cud to side anastomosis as a shunt from the arch to the distal descending aorta, allowing 
ancur}smeetomy to be accomplished without haste (Fig. 5, B) The lower trachea was noted 
to be quite soft and flexible at the site of its compression. The patient tolerated the surgerj 
will, but 18 hours later developed respirator} distress The clinical picture suggested heart 
failure but therapy directed along these lines did not alter her deterioration There was no 
significant elevation m blood pressure in the arms to suggest increased resistance from the 
shunt. Autopsy revealed pronounced pulmonary congestion consistent with heart failure and 
marked collapse of the lower trachea Her death prcsumabl} was due to heart failure ag 
gravated b> hvpoxia resulting from the collapsing trachea 

Casf C—0 Iv, a GO} ear old white man, had a long fusiform aneur>sm involving two 
thirds of the descending thoracic aorta (Tig. G, A and B ) The surgical approach was through 
\ long left parascapular incision with pleural entr} through the bed of the resected fourth 
rib for mobilization of the proximal portion of the ancur} sm and through the bed of the re 
sectcd eighth rib for exposure distally A permanent compressed Ivalon sponge graft was 
placed end to side between the arch and the supradiaphragmatic portion of the aorta with 
subsequent ancur}smectoni} (Fig 6, C and D). The postoperative course was benign and 
the patient presented no evidence of neurologic damage He was doing well when last seen 
13 months after surgery 

Aneuiysms in the distal thoracic aorta may make surgical repair quite 
liamdons because the great radicular artery to the anterior spinal artery arises 
at this level '■ 10 It presumably arises in the eighth to twelfth thoracic segment 
and, if these intercostals have to he divided, serious neurologic sequelae may re¬ 
sult The presence of the aneurysm, however, with perhaps thrombosis of some 
of the intercostals, may provide adequate stimulus for development of col¬ 
laterals In the absence of a shunt or hypothermia, lenal damage then becomes 
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with two No. 16 F. plastic catheters which were inserted into the carotid arteries, the right 
in the neck and the left within the thorax (Fig. 4, B). The arch was then isolated by oc¬ 
clusive clamps while circulation was maintained to all organs through the shunt. The femoral 
artery pressure, which was being monitored with a Statliam transducer and Cambridge re¬ 
corder, did not change with aortic occlusion and remained at about 100 mm. Hg systolic 
during the hour on the bypass. Cardiac function seemed good during the bypass, indicating 



B. 

Fig. 4.— A, Posteroanterior x-ray of chest which shows innominate artery aneurysm ex¬ 
tending into neck. B, Drawing which shows temporary bypass graft to provide blood now 
to brain and distal organs during reconstruction of aorta. 
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Case 7.—H. W., a G 3-year-old white man, had a saccular aneurysm of the the 
just above the diaphragm (Fig. 7, A and R). It had eroded the eleventh and tw 
bral bodies. Exposure was obtained through a long left thoracoabdominal incis 
careful mobilization of the aorta just above and below the aneurysm, the aorta w r 
for 40 minutes while a restorative endoaneurjsmorrhaphy was done. The exce 
excised (Fig. 7, C and D). No neurologic damage was evident but the patient d< 



Fig: 8 — A, Aortogram showing fusiform aneurysm of ascending aorta and saccular aneurysm 
of upper descending aorta 

oliguria with an NPN elevated to 70 which had returned to normal when he had been dis¬ 
missed 2 weeks postoperatively. An aortogram made by injection of 50 c.c. of 70 per cent 
Urokon intravenously, prior to dismissal, revealed that the reconstructed aorta had a slightly 
larger diameter than the aorta proximally. This discrepancy, of course, is undesirable because 
of the greater lateral pressure in this area. When the patient was seen recently, 3 years since 
the repair, he was found to have an aneurysm in the same area about the size of the original 
one. He refused surgery which would have consisted of replacement with a graft. 

In such cases, a bypass graft anastomosed end-to-side to the aorta prior to 
excision of the aneurysm probably functions as well as one sutured end-to-end 
to the aorta. Since many of these patients have other serious organic diseases, 
tiie greater operating time in the latter case may work to a disadvantage for the 
patient. 

Case 8 . —C. C., a G2-year-old white man, had a left exploratory thoracotomy performed 
elsewhere, because of suspected bronchogenic carcinoma. He was found to Jiaio a saccular 
aneurysm involving the upper descending thoracic aorta presenting into the hilus of the left 


Fig. -A and B, Posteroanterlor and oblique x-rays showing saccular 
above the diaphragm and eroding the eleventh and twelfth vertebral bodies. 

C and D, Drawings which show method of lateral reconstruction 


aneurysm Just 
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lung with obstruction of the left main-stem bronchus and partial atelectasis of the left lung. 
He was also found to have a smaller aneurysm of the ascending aorta. X-ray study, includ¬ 
ing angiocardiography, confirmed the presence of the two aneurysms (Pig. 8, A); because of 
symptoms of cough, wheezing and shortness of breath associated with bronchial obstruction, 
a surgical attack upon the more distal aneurysm seemed urgent. The aneurysm was exposed 
through a left posterolateral incision and proximal and distal control obtained by encircling 
umbilical cord tape. Partial cardiopulmonary bypass was utilized to provide adequate blood 
flow distally as well as to avoid the hazards of increased pressure in the proximal aortic 



C 

Pig. 8. Cont’d. IS and C, Drawings winch show saccular aneurysm of descending aorta ex¬ 
tending into lulus of lung and eroding left main-stem bronchus 

segment during aortic occlusion.** Eor this purpose, a stainless steel cannula was placed in 
tho left subclavian artery from which blood was pumped through a De Bakey roller pump info 
a femoral artery. Monitoring pressures were obtained through a catheter in the right tadial 
and other femoral arteiy. During 50 minutes of partial bypass, the neck of the sue was 
mobilized and a lateral reconstruction accomplished. In the base of the sac, the left main- 
stem bronchus was identified with an ulcerated defect, 1 cm. in diameter. This defect was 
repaired by suturing a graft of Teflon cloth snugly over the defect which was reinforced 
by two layers of the tough aneurysmal sac (Fig. 8, B and C). The surgical procedure was 
tolerated extremely well and the postoperative course was benign. The left lung promptly re¬ 
expanded and symptoms associated with bronchial obstruction have been completely relieved. 
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SUMMARY 

The major pioblems to be oveieome m the smgical treatment o 
aoitic ancurjsms are concerned with the ill effects, both pioximally am 
of having to stop the flow of blood thiougli that poition of the aoita, 
the technical aspects of the actual lepan Case histones of patients if 
many of these difficulties are piesented Methods aie presented wlucl 
used in securing adequate suigical exposuie, in molding some of tli 
associated with cioss clamping the aoita, and m carrying out the 
aspects of aortic ^placements 

Fuither impiovement in the lesults of suigery of this type is 
pected with simplification and moie common usage of tempoiaij 
shunts and with the utilization of pump ovjgenatois in certain circu 
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PERFORATION OF THE RIGHT VENTRICLE 
DURING SELECTIVE ANGIOCARDIOGRAPHY 

Report of a Case 

John L. Doppman, M.D., Robert Shapiro, M.D., George L. Wilson, M.D., 
Louis R. Mattie, M.D., and Max G. Carter, AI.D., New Haven, Conn. 

T he recent literature contains several reports attempting to evaluate the 
indications and technique of selective angiocardiography. 1 " 4 Critical evalua¬ 
tion of such a technique should include a consideration of the potential dangers 
and complications. Included in the rarer complications is perforation of the 
heart. The true incidence of this mishap is difficult to determine. Bagger and 
her associates, 1 in a review of 2,958 selective angiocardiograms from 12 Swedish 
hospitals, reported four instances of injection of contrast material into the 
right ventricular myocardium. Escher, Shapiro, Rubinstein, Hurwitt, and 
Schwartz 5 described actual perforation of the right ventricular apex with 
partial injection of contrast material into the pericardial cavity in a 27-year- 
old woman with isolated pulmonic stenosis. Cardiac tamponade ensued, necessi¬ 
tating pericardiotomy. Because selective angiocardiography is increasing in 
popularity in this country, the following case is deemed worthy of record. 

CASE REPORT 

The patient, a 2G-montli-old white female, was admitted to the hospital on Jan. 1, 195S, 
for evaluation of congenital heart disease. She was horn following a full-term uneventful 
pregnancy. Birth weight was 6 pounds 11 ounces. Cyanosis was noted shortly after delivery. 
Development was slow, and repeated respiratory infections required frequent hospitalizations. 
The child did not walk until 2 years of age and was noted to squat when fatigued. The 
slightest exertion produced marked dyspnea and accentuated a persistent mild cyanosis. 

Physical examination on admission revealed a pale, poorly developed, scrawny 2-year-old 
girl, weighing only 17 pounds. There was cyanosis of the lips and nail beds at rest. The 
chest was symmetrical and the lungs clear. Cardiac rate was 13G with a loud harsh systolic 
murmur audible over the third and fourth intercostal spaces along the left sternal border. 
A thrill accompanied the murmur. The pulmonic second sound was louder than the aortic. 
Femoral pulses were easily palpable. A smooth, nontender liver edge was felt 1 cm. below 
the right costal margin. There was clubbing of the fingers and toes but no peripheral edema. 
Hemoglobin was 16.1 Gm. with an hematocrit of 67 per cent. An electrocardiogram was 
interpreted as showing right ventricular hypertrophy. Fluoroscopic and radiographic examina¬ 
tion of the chest with barium swallow demonstrated a right-sided aortic arch, marked right 

From The Departments of Radiology, Medicine and Thoracic Surgery, The Hospital of 
St. Raphael, New Haven, Conn. 
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ventricular enlargement, and prominent pulmonary vessels. The cardiac wai 
narrowed but it was difficult to determine how much of this could be attributed i 
sided aorta. 

On Jan. 21, 1059, a diagnostic cardiac catheterization and angiocardiogra 
formed commencing at 1:30 p.m. Following sedation with 15 mg. of Demerol a 
of Phenergan, a No. G N.I.H. cardiac catheter was passed without difficulty 
antecubital vein into the right atrium. The patient had to be given oxygen by r 
after the procedure started because of increasing cyanosis. Her condition impro 
catheterization was continued. During the procedure, the catheter passed throuf 
atrial septal defect into the left atrium and then into a left pulmonary vein. r 
was also passed from the right ventricle into the aorta but never into the pul mo 



Fig 1 —Early angiocardiographic film showing contrast material in the pericardial cavity. 

Note the transposed aorta and failure of pulmonary vessel opacification. 

Pressures in the aorta were 58/2S mm. Hg and in the right ventricle 5G/5-10 mm. Hg. The 
catheter tip was then placed deep in the apex of the right ventricle. The diagnostic cathe¬ 
terization itself concluded at 3:00 P.m. 

The patient was placed in a slight left posterior oblique position on a Schonander 
serialographic film changer. A preliminary film showed no change in the location of the 
catheter tip. The. condition of tlvo patient seemed satisfactory with continuous oxygen 
therapy. 

At 3:20 p.m., S ml. of 90 per cent Hypaque was injected using a pressure of 10 Kg. 
per square centimeter. The inj'ection lasted slightly over 2 seconds and was well tolerated. 
Films were taken at a rate of six per second for 2 seconds followed by four per second for 
4 seconds. Continuous electrocardiographic monitoring showed no significant changes. There¬ 
fore, the catheter was left in place during the 10 minutes required for developing and viewing 
of the films. On viewing the films, it was obvious that part of the contrast medium was in 
the myocardial wall and pericardial cavity. A lateral film was immediately obtained to 
verify the catheter position and an attempt was made to aspirate the pericardial cavity via 
the catheter. Less than 2 cm. of dye was obtained, followed by bright red blood. The cathe¬ 
ter was carefully withdrawn. Auscultation of the heart by members of the cardiac surgery 
team present during the injection disclosed a loud pericardial friction rub. The quality of 
the heart tones, however, seemed unchanged. 
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Careful monitoring of the pulse and blood pressure was begun and the operating room 
alerted. However, the patient’s condition remained stable. A chest film 30 minutes after 
the injection showed some residual dye in the pericardial cavity but no significant change in 
cardiac size or contour. At 4:45 P.M., the patient was transferred to her room where the 
constant surveillance was continued. Her vital signs and general condition remained stable. 

Chest films the following morning showed complete disappearance of the contrast 
medium and no change in the cardiac silhouette. An electrocardiogram showed a 2:1 
auriculoventrieular block but no changes suggestive of pericarditis. The remaining hospital 
course was uneventful and the patient was discharged from the hospital on Jan. 28, 1959. 



Fir- 2. Fig. 3 . 

Fig. 2.—Chest film just prior to catheter withdrawal. 

Fig. 3.— (Lateral of Fig. 2.) Note residual dye in pericardial cavity. 


Angiocardiography confirmed the clinical impression of complete transposition, demon¬ 
strating aortic filling from the right ventricle and a right-sided descending aorta. A left 
innominate artery was also present. At no time was any contrast material seen in the pul¬ 
monary vessels. 

DISCUSSION 

Selective angiocardiography offers definite advantages over venous tech¬ 
niques in the diagnosis of congenital cardiac lesions. Among the latter are the 
ability to use less contrast medium, precise placement of the contrast agent, 
and elimination of superimposition. As ordinarily performed, this technique 
is associated with a minimal morbidity and mortality, 1 in spite of the poor 
general condition of many of the subjects. 
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Peifoiation of the heart is a senous though fortunately rare cor 
Using closed tipped, relatively wide lioicd, side opening catheters, th 
of recoil and high piessure jets encountered with the older Cournanc 
has been partially solved Howeici, the newel type catheter mtre 
difficulty of piecise localization with piessuie and oxygen detei 
because of the multiple holes proximal to its tip One opening suffice 
blood samples but the exact localization of the 2 cm of cathetei di« 
most proximal hole can only be inferred fiom fluoroscopy and film 
and Ins cow oilcers 5 have pointed out, the advantages of the NI H 
justify the risk of its use and certain precautions can be taken to l 
risk to a minimum 

Blind manipulation of the cathetei should be av oided If necessa 
scout films should he taken pnoi to injection Hilbisli and Mon 
emphasized this in presenting a ease m which withdrawal of the ( 
inches failed to change the position of the cathetei tip in the pulmona 
Tightening of the intracaidiac loop with no change m position of 
cathetei can only be detected by lepeat films oi fluoioscopy 

The time dm mg which the catheter remains unchanged m positi 
the heart should be leduced to a minimum Subendocardial hemon 
mural thiombus formation have been observed in dogs following eathet 
but are piobably uncommon in human beings Nonetheless, piolong 
between positioning and injection increase the usk of endocardial damage 

In our case, the most important factor conducive to peiforation is con 
sideicd to bo the position of the catheter To advance the catheter deep into 
the apex of the light ventricle places the tip against the junction of septum and 
ventricular wall The slight apical elevation accompanjing each systole may 
impale the thin right ventricular apex against the ligid, relativelj sharp tipped 
NIII cathetei It is easj, undei these circumstances, to visualize perforation 
of the endocardium with insinuation of the cathetei between the mjoeardial 
fibeis The moie energetically the cathetei is seeuied m the right ventneulai 
apex and the longei it is left in this position, the greater the likelihood of this 
complication In studying light ventricular outflow tract problems, our current 
policy is to advance the catheter tip well into the outflow tract so that its 
course descubes the characteristic U shaped configuiation After positioning, 
one should be able to freely advance or withdiavv the catheter a distance of a 
few centimeters If a more proximal injection rs desired, for example, to 
demonstrate an interventricular septal defect, the catheter tip is positioned 
slightly distal to the atnoventnculai valve as determined by pressure readings 
Under no cncumstances should the cathetei be advanced until resistance is 
met and left deep m the right ventricular apex Such a technique, especially 
m the thin walled right ventricle of infants, entails an additional unnecessary 
nsk If a satisfactory U shaped bond cannot ho achieved m studying imht 
ventricular outflow pioblems, the catheter should bo withdrawn pioximally 
undei fluoroscopic contiol to a point just distal to the tueuspid valve 
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The treatment in this ease was wholly expectant. Aspiration through 
the catheter prior to its removal undoubtedly failed to recover all of the peri¬ 
cardial fluid. Serial chest films are of little value for, as Escher and her col¬ 
leagues 5 have pointed out, the volume of pericardial fluid producing acute 
tamponade is close to the minimal amount that can he visualized roentgeno- 
graphically. Frequent observations of the clinical signs and symptoms provide 
the best guide to therapy. Should tamponade develop, pericardicentesis or 
open pericardiotomy may be required. However, many of these patients are 
poor surgical risks by the very nature of their disease and the conseiwative 
therapeutic approach should be given first consideration. 


SUMMARY 

A case of perforation of the right ventricle during selective angiocardiog¬ 
raphy has been presented. Possible contributory factors, especially the posi¬ 
tioning of the catheter, have been considered. Recommendations are made 
to help avoid this complication. 
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BILATERAL SURGICAL TREATMENT OF PULMONARY 
TUBERCULOSIS 

David V. Pecora, Ray Brook, N. Y. 

S ince the early optimistic reports, 1-5 bilateral resection for pulmom 
culosis has gained considerable acceptance. However, opinions 
garding the indications, results, and risks of the procedure. With few e 
reported series are small and usually include carefully chosen pati 
little disease. 6-10 A number of surgeons and phthisiologists believe 
pulmonary resection to be less successful than unilateral resection. 11 
differences of opinion exist regarding the applicability of procedure 
bilateral thoracoplasty and Monaldi eavernostomy, 11 neither of which I 
popularity. 

It is the purpose of this paper to review the experience at the R 
State Tuberculosis Hospital with bilateral surgical procedures, inclu 
naldi eavernostomy, thoracoplasty, pulmonary decortication, and resec - 
attempt to evaluate them. 

Since July 1, 1949, 103 patients have completed bilateral surgery, 
three patients had bilateral pulmonary resection, of which 164 were pci.iuimeu 
at Ray Brook, and 3, prior to admission. Two of the patients had 3 resections 
each. Four of the patients were admitted to Ray Brook with thoracoplasties. 
Twenty patients were treated with miscellaneous surgical procedures listed in 
Table II. 

In this series there were 59 males and 44 females. Sex does not seem to 
be an important consideration in selecting patients for operation; nor does it 
seem to influence results to an appreciable extent. Ninety-five of the 103 pa¬ 
tients in this series, or 94 per cent, were under the age of 50 years at the time 
of the last surgical procedure. Only 1 patient was over 60 years of age. Age 
distribution was similar in the bilateral resection and miscellaneous bilateral 
surgery groups. 

BILATERAL PULMONARY RESECTION 

The first bilateral pulmonary resection was completed in December, 1951. 
A total of 164 procedures are summarized in Table I. Two of these were simul¬ 
taneous. Since bacteriology, extent of disease, antituberculous drug therapy, 
and type of surgery can be expected to influence results, this information is 
listed. “New” drugs include pyrazinamide, cycloserine, viomycin, kanamycin, 

From the Ray Brook State Tuberculosis Hospital, Ray Brook, N. Y. 
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Pionuzole, and Tibione Only diugs to winch the patient’s organisms pioyed 
susceptible aic listed Tubercle bacilli are consideicd susceptible to stiepto 
my cm oi para aminosalicylic acid if they do not glow in the piesencc of 10 
meg per milliliter, and to isoniazid if they do not glow in the piesence of 5 
meg pel milliliter Details of susceptibility tests have been described else 
yylieie 14 Tubeicle bacilli are considered susceptible to the “new” diugs if the 
patient has not previously leeemd them Daily tubeiculous complications m 
elude empyema or spiead of disease oeeuinng «itlim a period of 1 month fol 
lowing suigeiy Nontubereulous complications include liemothoiax, nontubei- 
culous empyema, and transient increases in abnormal shadows in the postopeia 
tne loentgenogiam Pleuial "spaee problems” are not listed, but an indication 
of then fiequency may be surmised fiom the fact that 21 postreseetion thoraco 
plasties weie peiformed It should he noted, lioyvcyci, that eaily in this series 
some thoiacoplasties weie perfoimed to picvcnt oy ei distention of the lesidual 
lung tissue At present, thoiacoplasty is employed only to obliteiatc lesidual 
pleural spaces oi empy'emas Late tuberculous complications include reappear 
ance of cultuiable tubeicle bacilli in the expectorations oi inclease m disease 
by loentgenogiam aftei the fust postoperatne month 

From geneial expenence it is to be expected that patients who have ex 
tensixe disease and harboi cultiuabte tubeicle bacilli would haxe moie tubeicu- 
lous complications than those who do not 15 Table I shows that tlieie were no 
eaily tuberculous complications and only one late bactenologie relapse m the 
group of patients who did not haiboi culturable tubercle bacilli In C early 
tuberculous cases, complications occuned in 5 patients who haiboicd viable 
bacilli and included 5 empyemas and 1 spread of disease Two of these patients 
lcccued no effectnc drug therapy' Two leceivod “new ” drugs and 1 received 
paia aminosalicylic acid alone Further suigeiv m the foim of pulmonary re 
section decortication and thoiacoplasty succeeded in curing 2 patients of then 
complications Nontubeiculous complications included 2 transient incieases 
m abnormal shadows on the postoperatne loentgenogram and 1 staphylococcal 
empyema The Iattei was successfully tieated by thoracentesis and antibiotics 
The late tuberculous complications included 5 bactenologie lelapses accompanied 
in 2 instances by changes in chest loentgenogram and in 1 instance by uleeiation 
of the stump of a resected bronchus Three of the 5 patients who suffeied re 
lapses iccened “new ” drugs and 1 lefused to take antitubeiculons drug therapy 
aftei the fust postopeiatne month Fuithei antituberculous diug therapy sue 
cceded m eliminating tubercle bacilli fiom the cxpcctoiations of 2 of the 3 pa¬ 
tients yvho did not have changes in xhe chest loentgenogiam One of the other 
2 patients responded satisfactorily to additional pulmonary resection There 
was only one death, due to “lieait failme,” yvlueli occuned approximately 4 
yeais after the last snigical pioccduie had been performed Thus, of the 83 
patients, many of yvhom had adxanced disease, 82 are hying and 77 (94 pei 
cent) haic stable loentgenogiains and cxpcctoiations fiee of tubeicle bacilli 
As eyeiy effort yyas made to conseryc functional lung tissue, it is not sui 
pnsmg that pneumonectomy and lobectomy weie perfoimed in only 26 in 
stances In patients with extensile disease, the surgeon may be foieed to limit 
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resection to cavity-bearing tissues, leaving behind considerable ai 
nodular disease. The technical aspeets of this problem have been 1 
Occasionally, it may be impossible to identify pulmonary cavities 
preoperative roentgenogram or palpation at exploration. Under sue 
stances, the part of lung suspected of bearing a cavity can bo incise 
danger. Bleeding from the lung is easily controlled by Allis clamj 
also, cavities can be inspected to determine whether or not they contaii 
material or are lined by a smooth, glistening membrane. The risk 
tamination of the pleural cavity is minimal when antituberculous 
administered postoperatively. 

Because of the unfavorable effect on pulmonary function, tlio 
should be avoided whenever possible. Although postrcsection pleural 
should be eliminated without delay in patients harboring viable tuber 
they may be observed with little risk for considerable periods of t 
culturable tubercle bacilli have not been recovered from the sputum 
at the time of operation. 

In the SO patients who had both operations performed at Ray I 
disease in each lung was equal in 39 patients. In the remaining pat 
had unequally distributed disease, the more diseased lung was open 
first in 20 instances. Decisions regarding the side to bo operated upon 
generally not influenced by the baeteriologic studies of the expectora 
extent of disease, or antituberculous drugs administered. No difference in re¬ 
sults can be demonstrated between the group in which the worst side was 
operated upon first compared with the group in which the worst side was 
operated upon last. It would, therefore, seem unimportant which side is chosen 
for the first operation. The only exception appears to be the patients with a 
functionless lung who harbor viable tubercle bacilli, since they require extensive 
space-filling thoracoplasty following pneumonectomy. Since thoracoplasty tends 
to reduce pulmonary function even if performed over an empty pleural cavity 
or a functionless lung, 10 it should be performed only after the contralateral 
resection has been completed and function on that side has recovered to a con¬ 
siderable extent. 

In this series, the interval between resections has varied considerably. For 
several years the second resection has been performed as soon as the patient’s 
vital capacity has recovered sufficiently to tolerate another procedure, other 
factors being equal. Patients with exceedingly good function may easily tolerate 
simultaneous bilateral resection, which was accomplished in 1 patient in this 
series. It has been our experience that following pulmonary resection the vital 
capacity has recovered to a considerable degree by the sixth postoperative week.” 

MISCELLANEOUS BILATERAL SURGICAL PROCEDURES 

Various combinations of surgical procedures performed upon 20 patients 
are listed in Table II. These included Monaldi cavemostomy, various types of 
thoracoplasty, pulmonary decortication, and pulmonary resection. It will bo 
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noted that a proportion of these patients had extensive disease and harbored cul- 
turable tubercle bacilli in their expectorations. A number of these patients, 
too ill for bilateral pulmonary resection, were treated by plombage thoracoplasty 
and/or Monaldi cavernostomy. Twelve (60 per cent) are now alive with stable 
roentgenograms and expectorations free of tubercle bacilli. Two patients still 
have cavitary disease and viable tubercle bacilli in their expectorations. Six 
(30 per cent) are dead. Two patients died of pulmonary insufficiency within 
a few weeks following surgery, 1 died of a “heart attack” approximately 3 
years after the last operation, 1 died in uremia due to amyloidosis approximately 
3 years after pulmonary resection, 1 died of liver toxicity, probably the result 
of pyrazinamide intoxication, and 1 died a few hours after surgery following 
cardiac arrest on the operating table. Nonfatal complications in this group of 
patients consisted of 1 (tuberculous) infected plomb requiring evacuation of 
foreign bodies, and 1 hemothorax requiring re-exploration. 


TM'l.r, TIL Function Studies 



j NUMBER 

PREOPERATIVE | 




OF 

PA- 

VITAL 

POSTOPERATIVE 

VITAL CAPACITY 


1 TIHKTS | 

CAPACITY 

(PER CENT PREOPERATIVE VALUE) 


! M 

1 1' 1 

1 M 

| F | 

1 M 

1 * 

Bilateral resection + hi- 






- 

lateral standard 
thoracoplasty 

i 


3,GOO 


2,000* (56%) 


Bilateral standard 







thoracoplasty 

Bilateral resection + 

i 


4,450 


2,2601 (59%) 


unilateral standard 
thoracoplasty 

4 

3 

2,3G0 

2,480 

1,9301 (82%) 

1,6305 (66%) 

Resection + contralateral 





Schede thoracoplasty 


1 


1,850 


1,3001f (70%) 

Bilateral resection 
Resection + contralateral 

IS 

G 

3,490 

2,520 

3,060 (87%) 

1,960 (77%) 

Monaldi 

Monaldi + contralateral 

1 


3,500 


3,200 (92%) 


decortication 

thoracoplasty 

1 


2,800 


2,700j| (96%) 


Resection + contralateral 





decortication + 
plombage 


1 


1,500 


1,600# (107%) 

Bilateral plombage 






thoracoplasty 

Bilateral resection + 

1 

1 

1,800 

1,300 

1,800** (100%) 

1,10011 (85%) 

unilateral decortica¬ 
tion 

1 


2,000 


2,450 (123%) 


Totals 

28 

12 






•Five ribs removed bilaterally. 
tBilateral 6-rib thoracoplasty. 

tNine ribs, 4 ribs, 3 ribs, and 2 ribs removed, respectively. 

§Four ribs removed from each of 2 patients and 3 ribs from the other, 
li Four-rib modified Schede thoracoplasty. 

|| Four-rib standard thoracoplasty. 

#Five ribs. 

••Five ribs on one side and 7 on the other. 
tfSix ribs on one side and 8 ribs on the other. 


PULMONARY FUNCTION 

Table III summarizes the effects of various combinations of surgical pro¬ 
cedures upon the vital capacity. Postoperative determinations were aecom- 
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plished 2 months or more following the last procedure. Undoubtedly 
operative values might have been somewhat higher if longer period 
had been peimitted to elapse following suigery, but it is believed that 
is sufficient time to permit recovery of a major poition of postopeia 
turn. 18 Bilateral plombage thoracoplasty was surprisingly innocuous 
pulmonary lesection was followed by a deciease of approximately 20 
in vital capacity. As might have been expected, Monaldi cavernos 
ldatively innocuous, and pulmonary decortication was sometimes fo 
impiovement in function. These results are similar to those of Gae 
Stneder. 19 

It is impossible to define the lower limits of pulmonary function a 
permit bilateial pulmonary surgery. In borderline cases the deeis 
the second opeiation should lie postponed until it is determined that tl 
has tolerated the first procedure well. Case 1 is an example of a pa 
did well in spite of poor pulmonaiy function 



Fir 1— A, Preoperathe roentgenogram revealing destroyed right lung which contains a 
large cavity with a fluid level There is cavitary disease in the upper left lung field B, Roent¬ 
genogram following bilateral pulmonary resection and right thoracoplasty 


CASE REPORT 

Case 1. F. T., a 24 year old man, w as admitted to Ray Brook State Tuberculosis Hos 
pital on April 24, 1954, tilth far advanced actitc pulmonary tuberculosis Knottn onset of 
pulmonary disease was December, 1947, when an abnormality in tlie right lung was noted 
He was treated by a rest regimen In March, 1953, tlic patient det eloped fever and pro 
ductito cough accompanied by fatigue and weight loss Roentgenograms mealed ctideate 
of extensive disease in the right lung and expectorations contained tubercle bacilli. Strepto 
mycm, isomazid, and para aminosalicylic acid uero prescribed, but the latter drug was 
stopped because of fever and rash. 
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Admission roentgenograms of the chest at Ray Brook (Pig. 1) revealed complete de¬ 
struction and cavitation of the right lung and evidence of 2 small cavities in the outer first 
and second anterior interspaces on the left. Tubercle bacilli recovered from the patient’s 

expectorations grew abundantly in 10 meg. per milliliter of streptomycin and 5 meg. per 

milliliter of isoniazid. The patient was gradually desensitized to para-aminosalicylic acid 
and full dosage of 12 grams a day was reached by Aug. 22, 1954. On March 18, 1955, 
pyrazinamide, 1 gram 3 times a da}’, was started. On March 28, 1955, a wedge resection of 
the cavity-bearing portion of the left lung was performed. The postoperative course was 
uncomplicated. On June 6, a right pleuropneumonectomy was accomplished. On June 13, it 
was necessary to do a temporary tracheotomy to maintain the tracheobronchial tree free of 
secretions. On July 25, a 9-rib right thoracoplasty was performed. Postoperatively the 
patient did well except for the reappearance of tubercle bacilli in the expectorations of Jan. 
25, 1956. Bronchoscopy revealed redness and edema of the stump of the right main bronchus. 
Expectorations continued intermittently to yield tubercle bacilli. On Nov. 9, 1956, broncho- 
grams failed to reveal evidence of a fistula or pleural pocket connected with the stump of 

the right main bronchus. On Nov. 17, 1956, pyrazinamide and para-aminosalicylic acid were 

discontinued and tetracycline, 250 mg. 4 times a day, and cycloserine, 250 mg. twice a day, 
were substituted. The latter drugs were continued until Jan. 16, 1958. The patient continued 
to discharge viable tubercle bacilli until Jan. 21, 1957, after which bacilli could not be 
identified. Tubercle bacilli recovered from the resected right lung grew abundantly in the 
presence of 10 meg. per milliliter of para-aminosalicylic acid. Vital capacity on March 7, 
1955, was 2,100 c.e. and on March 17, 1958, it was 1,700 c.c. 

The patient was discharged from the hospital on March 29, 1958, and until his last 
examination in October, 1958, had remained well. In May, 1959, he reported he was well 
and working. 


DISCUSSION 

l A considerable proportion of the tuberculous complications which occurred 
'following bilateral pulmonary resection may be attributed to poor antituber¬ 
culous drug coverage. Even so, the results were remarkably favorable. These 
results were undoubtedly influenced by careful selection of patients for surgery. 
Indeed, perhaps selection was too careful, for a higher incidence of complications 
would have been acceptable if the benefits of bilateral resection could have been 
extended to more seriously ill patients. This assumption appears to be sub¬ 
stantiated by the fact that the patients in this series with extensive disease who 
harbored viable tubercle bacilli responded well to surgery. 

Generally, bilateral pulmonary resection, with or without decortication or 
a small thoracoplasty offer's the best opportunity for cure with relatively little 
permanent effect upon pulmonary function. However, since open thoracotomy 
is followed by a severe temporary decrease in pulmonary ventilation postopera¬ 
tively , 17 it may be preferable to perform plombage thoracoplasty or Monaldi 
cavernostonry in patients with limited pulmonary function. These technical 
problems have been reviewed elsewhere . 15 

SUMMARY 

One hundred and three patients with pulmonary tuberculosis have been 
treated by bilateral surgical procedures. The best results were obtained in tire 
group of patients who had bilateral pulmonary resection. Other procedures 
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yielded good lesults considering tlie se\ enty o£ the tnbeiculosis and con 
diseases The effects of various combinations of surgical procedures i 
monary function are reviewed 


REFERENCES 

1 Rj *ln, B J , Medlar, E M, and Welles, E S Simple Excision in the Treatment of 

Pulmonary Tuberculosis, J Thopacic Sufg 23 327, 1952 

2 Keller, W O, and Pccora, D V Resection m Pulmonan Tuberculosis, J Thoracic 

Surg 24 510, 1952 

3 Bickford, B J, Ronald E T, Esplen, J R , Gifford, J G, and Thomas, 0 F A 

Further Report on Lung Resection for Pulmonary Tuberculosis, Thorax 7 310, 1952 

4 Chamberlain, J M, Storey, C F, Klopstock, R .and Daniels, C F Segmental Resection 

for Pulmonary Tuborculosis (300 Cases), J Thopacic Surg 26 471, 1953 

5 Lou ell, L M, and Conklin, W S Bilateral Resection in Pulmonarj Tuberculosis, Am 

Rev Tuberc 68 855, 1953 

6 Shumway, N E, Lewis, F T, Zimmerman, B, and Weathcrhead, S P Staged and 

Simultaneous Bilateral Resection for Tuberculosis, J TnoRAcic Sura 28 90, 1954 

7 Ivraan, T K Bilateral Resection Therapy m Pulmonary Tuberculosis, Dis Chest 28 

44 19«i5 

8 Nisln, S , Sato, A, Iw aim chi M , Asano T , Murata, M Numata, K , and Tagaw a, K 

Bilateral Resection in Pulmonary Tuberculosis, J Thoracic Sure 31 072, 1956 

9 Lou is, F J Shumwuy, N E , Mansur, T , Zimmerman, B , Perr y , J T , Cohen, M, and 

Ring D M Simultaneous Bilateral Resection for Pulmonary Tuberculosis m Men 
tal Patients, J Thopacic Surg 31 93, 1956 

10 Potter, J Discussion of Leu is et al 0 

11 Bjork, V O Simultaneous Bilateral Resection With Space diminishing Procedure for 

Pulmonary Tuberculosis, J Thoracic Sure 33 617, 1957 

12 Coolej, J C, Moser, F H, and Hcdbcrg, G A The Results of Pulmonary Resection 

in the Treatment of Tuberculosis An Evaluation of 201 Consecutive Resections, 
J TuorACic Sure 33 3S3, 1957 

13 Monaldi, V Tentatm di asperazionc cndocavitana nolle cuvernc tuberculan del pulmonc, 

Lotta contro Tuberc 9 910, 193S 

14 Pecora, D V, and Yegian, D The Significance of Bacterial Resistance to Drugs m 

Pulmonary Resections for Tuberculosis, Am Rev Tuberc 75 781, 1957 

15 Pecora D V The Surgical Treatment of Pulmonary Tuberculosis Complicated by 

Pulmonary Insufficiency, J Thoracic Sui g 36 190, 1958 

16 Gaensler, E A, and Stricdcr, J W Progressive Changes in Pulmonary Function After 

Pneumonectomy, J Thoracic SurG 22 1 19ol 

17 Pecora, D V Progressive Changes m Ventilation Following Pulmonary Resection, SuTg 

Gyncc &, Obst 103 455, 19o6 

18 Pecora D V Progressiva Changes in Ventilation Following Bilateral Pulmonary Rc 

section Surg Gjncc & Obst 109 S9, 1959 

19 Gaenslcr, E A , and Stricdcr, J W Pulmonary Function Before and After Extrapleural 

Pneumothorax, J Thopacic Sufg 20 774, 1950 



EXPERIMENTAL CHRONIC TUBERCULOUS PERICARDITIS 


R. W. Postlethwait, M.D., /. R. Wilson, M.D., L. C. Smith, M.D., 

M. L. Dillon, M.D., M. Fujita, M.D., and M. H. Salem, M.D., 

Durham, N. C. 

P reviously, we reported the experimental production of tuberculous peri¬ 
carditis in animals by sensitization with beat killed bacilli followed by the 
intrapericardial injection of live bovine tubercle organisms. Typical tuberculous 
pericarditis developed in all animals which survived the immediate postoperative 
period. The animals were sacrificed at intervals, the longest being 3 months. 
No constrictive pericarditis was found. In the following study, the animals were 
kept for longer periods with the hope that the constrictive phase of tuberculous 
pericarditis would develop. To our knowledge, this has not been accomplished 
experimentally. 

METHOD 

W Young New Zealand white rabbits were used. Approximately one half of 
the animals were injected with heat killed tubercle bacilli suspended in Bayol P 
and were later found to have positive intradermal tests for sensitivity. (Sub¬ 
sequently, it was felt that sensitization was unnecessary as the same degree of 
pericarditis developed.) Approximately 0.5 c.e. of a milky suspension of live 
bovine tubercle bacilli was injected into the pericardium after making a small 
incision in the left fourth or fifth intercostal space. A high postoperative mor¬ 
tality rate occurred in spite of careful wound closure. The animals were isolated 
but given no special treatment for their tuberculosis. Eighteen animals survived 
6 months or longer. One animal died during the seventh month, 3 during the 
ninth month, and 4 during the tenth month after injection. Because of this 
increasing mortality, 5 animals were sacrificed during the eleventh month and 5 
during the twelfth month. The latter group lacked 3 weeks of living 1 year- 
after injection. 

RESULTS 

All animals had diffuse tuberculous pericarditis. In those animals sacrificed, 
after anesthesia had been obtained, the thorax was widely opened to observe the 
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heal t action and no evidence of constriction was found in any anm 
peucaidium was usually slightly thickened and had lost the normal glo= 
A small mciease in the pencaidial fluid was piescnt Tubciele forms 
evident almost uniformly to a gieatei extent otci the epicaldmm, paitic 
the vicinity of the coronary vessels Tubeiculosis was not found else 
the animals, although the lnain was not remot ed 

Miei oscopicalljb all stages of the gianulomatous piocess weie obse 
the main leaction consisted of lymphoevte and maciophage tubei ele fi 
A few giant cells weie seen In even animal, and in piactically etei 
made, at least one aiea of calcification was found but this was nevei 
aieu noi widespiead ill extent Fibious tissue deposition was also not e 

SUMM \RY 

Chronic tubeiculous pencarditis was pioduced in labbits by the i 
caidial injection of live bovine tubeiele bacilli Animals surviving fioi 
months showed an extensive gianulomatous reaction with aieas of cale 
osition but constiictive pciicaiditis was not pioduced 
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PRE- AND POSTOPERATIVE CARDIOPULMONARY 
DYNAMICS OF THE EMPHYSEMATOUS BULLA 


Rikuhei Sato, M.D.,* Sanae Yoshida, M.D.,** and 
Hisao U chid a, M.D.,** Kobe, Japan 

R eports on giant emphysematous bullae have become increasingly frequent 
not only with respect to cases of successful treatment by surgery but also 
in the number of eases diagnosed roentgenologically. 4 ’ 5| 1G ’ 19,20 ’ 23 ’ 21 > 28 ’ 20,20 
However, reports on the cardiopulmonary dynamics of the disease have been ex- 
tremely few. Baldwin and her colleagues 0 ’ 7 reported respiratory function in 
patients with emphysematous bullae with and without emphysema, and Siebens 
and his associates 32 made a report of cases of bullae without emphysema, but 
these authors failed to agree in the interpretation of the hypoxia associated with 
the giant bullae. As for cardiopulmonary dynamics, chiefly of the pulmonary 
I circulation, FitzPatriek 21 reported a number of cases with and without emphy¬ 
sema. With reference to bullae without emphysema, there seems to have been no 
divergence of opinion as to the indications for operation, operative methods, and 
the results of physiologic investigation, but in the case of bullae with emphysema 
there has been confusion, not only as to indications for surgery but also in the 
results of physiologic investigation. 

Out of 11 cases of giant bullae diagnosed by us, 8 patients were surgically 
treated and this report concerns the pre- and postoperative data of respiratory 
function and pulmonary circulation, the operative indications, and a more 
rational approach in the care of giant bullae. 

MATERIAL AND METHODS 

There were 11 cases of bullae larger than a child’s head in size (Table I). 
In most cases several years had elapsed before any signs developed. Only 2 pa¬ 
tients had shown symptoms of anoxia and hypercapnia to the point of incapaci¬ 
tation. Eight patients were operated upon. Segmental resection was usually 
applied, but in a few cases Naclerio-Langer’s operation 25 was performed. After 
disposal of the bullae, the vagus nerve was divided in its trunk on the right, 
but when the affected side was on the left, vagotomy was performed in the por¬ 
tion distal to the emergence of the recurrent nerve, with division of its pul¬ 
monary branches at the hilus. Furthermore, a sympathectomy of the lung was 

From the Department of Surgery, Division II, Kobe Medical College, Kobe, Japan. 
Received for publication June 22, 1959. 
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Table I Clinical Pin dints 


CASE 
NO ! 

AGE 

ClIIFf COMPIAINTS 

OI FPA1ION METHOD | 

Foil 

137 

096 

32 

57 

Emaciation 

Blood} sputum, cough 
and palpitation under 
exercise 

Segmental lescction, dencnation, 
pleurcctoni}, and pleural pou 
(lrige 

Well an 

Ping r 

119 

GO 

Sputum, dyspnea, and 
palpitation under oxer 

CISC 

Segmental rejection, denervation, 
plcurectomv and pleural pou 
dr ige 

Better 

162 

45 

Slight fever nnd emacia 
tion 

Segmental resection, dencnation, 
and pleural poudrage 

Nacleno Langcr’s operation 


012 

188 

101 

23 

51 

61 

Asthma attael d}spnea, 
and emaciation 

Sputum 

Cough and djspnea 

Asthma 

220 

43 

Cough, sputum, and 
d}spnea 

Segmental resection, denervation, 
pleurcctoni}, and pleuial pou 
drage 

Segmental rejection, dencnation, 
pleurectoni}, and pleural pou 
drage 

Nacleno Langer’s operation, de 
nervation and pleural poudrage 

Bettor 

sjanptomaticall} 

224 

52 

Cough and sputum 


088 

48 

D}spnea, cough, and 
sputum 


152 

44 

Exortional d}Spnea and 
emaciation 

Naelorio I anger’s operation, de 
nervation, pleurcctoni}, and 
pleural poudrage 

Asthma attacl 


peiformed by thoiacic ganglioncetomx (D. D„), and a tual Mas made of panetal 
pleuiectomj and pleuial poudiagc m accoidance with the technique of Cren 
shaw and his associates 11 '* 13 

All patients were discliaiged 4 to 8 weeks aftci the opeiation, and all were 
working full time a half xeai aftei smgical liitcnention Two patients with in¬ 
capacitating symptoms and signs weic gicat.lj unpioyed aftei the operation and 
lesumed work The fiist patient was an exceptional one in whom onl\ Naelono 
Langei’s opeiation had been peiformed, without dencnation and plenial pou 
di age Sex ei e asthma do\ eloped follow ed hv a i elapse 2 y eai s aftei opei ation 
This was collected hi a second operation 3 yeais aftei the fiist one 


MrTHons or nr nsorement 


1 Spiromctnc Mcatuicments —Spnometnc measurements weic taken of 
'ital capacity (VC), minute yolnme (MV), the maximum breathing capacity 
(MBC), and oxygen consumption Minute volume was lecoidcd as liters pel 
minute per square nictci of bodi surface Ventilatoij equnalent was oxpiessed 
b\ an yolume to be ventilated due to consumption of 100 e c of oxjgen as L 
unit (liteis pei 100 c c ot oxjgen consumed) 1C and MBC weie shown as 
a pel cent igc of then picdicted x allies, which weie meisuied by the method 
of Baldwin, Kichaids, and Command'' 

Respuatorj lesene quotient = 


An velocitj index (AVI) 


Predicted MBC % 
Picdicted VC Jo 
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2. Respiratory Gas Measurement. —Measurement of residual volume (RV) 
was made by closed circuit 9 and open circuit methods. 11 Respiratory gas was 
estimated by using “Roken” gas analysis apparatus (Holden’s modified analysis 
apparatus 37 ) or Seholander’s gas analyzer. 30 

Total lung capacitj 1, (TLC) : RV + VC. 

Residual quotient: RV/TLC x 100. 

Intrapulmonary gas mixing: nitrogen concentration in the alveolar air 
after rebreathing of pure oxygen for 7 minutes. 

C0 2 content of alveolar air (Fa c0 ,) : analyzed from endexpiratory samples. 

Partial pressure of C0 2 in expiratory gas (Pe C o 2 ) and partial pressui'e 
of C0 2 in alveolar air (Pa C o 2 ) : calculated from C0 2 content in expiratory 
gas (Feco 2 ) and C0 2 content in alveolar gas (Fa c0 .,), respectively. 

3. Bronchospiromctry. Measurements were made by using Carlen’s flex¬ 
ible double lumen catheter. 8 

Predicted value of the ratio of left to right was shown as the percentage of 
46.5/53.5 in VC and of 46.8/53.2 in MBC. 

4. Blood Gas and pH Measurements. —0 2 and C0 2 contents of arterial blood 
(Cao 2 and Ca C o 2 ) were estimated by Van Slyke-Neill’s method, 38 and 0 2 ca¬ 
pacity was measured by Sendroy’s method. 31 To estimate the pH of the blood, 
a glass-electrode 39 was used. Hematocrit (Ht) was measured by using Win- 
■ trobe’s tube. 0 2 saturation of arterial blood (Sa 02 ) was calculated from 0 2 

content and 0 2 capacity. Partial pressure of 0 2 in arterial blood (Pao 2 ), par¬ 
tial pressure of C0 2 in arterial blood (Pa C o 2 ) and buffer base (Bl/) were com¬ 
puted from 0 2 content, C0 2 content, pH of blood, and hematocrit by using 
Singer-Hasting’s nomogram. 31 

5. Derived Data. —Oxygen partial pressure difference in millimeters of mer¬ 
cury between “alveolar air’’ and peripheral arterial blood (Pa 0 „ - Pa 0; ) and 
the ratio of alveolar ventilation to pulmonary capillary blood flow (Va/Qc) 
were calculated by the next formula. 10 ’ 2r ” 28 

Va Cv'co, - Caco 2 
Qc ~ Faco 2 x 0.83 

Cvcoo : C0 2 content of mixed venous blood. 

Dead space ratio: Volume of dead space (VD)/tidal volume (Vt). 10 ’ 2li ’ " 8 

VD = Paco, - Pe C q 2 
Vt Pa C02 

6. Cardiac Catheterization. —Both pulmonary arterial pressure and capil- 
lary pressure were estimated by an electromanometer, using a cardiac catheter, 
F. 8. Cardiac output (pulmonary blood flow) and cardiac index were measured 
by Fick’s ls and dye-dilution 17 methods. 

For estimation of pulmonary circulation time, Evans blue dye was used. 
Arteriovenous 0 2 differences were calculated from the 0 2 content of arterial and 
mixed venous blood taken by catheter. 
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Pulmonai j blood volume = 

Mean pulmonary circulation tune x Pulmonai ; blood flow s„ 
60 

Ventnculai uoik against pressuie = 

Cardiac output x Pulmonarj mean pressuie x 0 1332 " 1 2 3 * * * 7 

Pulmonaiy arteriolai resistance = 

Pulmonai; mean pressuie - Pulmonaiv capillaiy piessuio 
, Cardiac output 

Total pulmonaiy resistance = 

Pulmonai y mean piessnre 
Cai diac output 


nrsuLTS 

These cases ueio classified into three groups accoidmg to the degree of 
anoxia and hjpeicapnia in aitenal blood (Baldwin's classification of empliy 
soma) c 


Group I 

Sa 0 . 

more than 92% 

(aftei a standaid exeicise) 

Group II 

Sao„ 

less than 92%, 

Paco 

less than 48 mm Ilg 
(after a standard exeicise) 

Gioup III 

S,i 0 

less than 92%, 

Paco, 

more than 48 mm Hg 
(aftei a standaid exeicise) 


1 Total Lung Capacity —When shown as a peicentage of the predicted 
mine, VC decreased in the older of the I, II, and III gioups (Table II) Kesid 
ml quotient increased, without lclation to the degiee of anoxia TLC de 
cieased e\en m Gioup I, and m Gioups II and III furthci stead; deciease was 
noted 

2 Ventilation —Ventilation m liteis pci minute per squaie meter of bod; 

suifacc showed no gieat mciease, cxclusne of the fust case, in which an increase 
was milked (Table II) • 

JIBC decieased in piopoition to the degiee oi cmplnscma Although AVI 
decieascd geneiallj, it showed indefinite values Respnatoi; icsene quotient 
dcei cased distinctii eh in Group III 

Although ventilaton equnalent showed indefinite i alues either at rest oi 
undei exeicise, it decieased as a mle under excicise 

3 Broncliosjnromctiy —A peicentage of its picdieted laluc was expicssed 

as in the ixtio 46 5 53 5 of left to Tight VC deutased on the affected side 

and JIBC also decieased generall; on the same side (Table III) JIV decieased 

on the affected side, with one exception 0~ consumption tended to lessen, ex 

cept m 2 cases 
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4. Index, of Intrupulmonanj Gas-Mixiny. —It has increased in all ( 
without relation to the degree of emphysema. 

5. Arterial Blood .—Sao, at rest decreased in the order of the I, II 
groups (Table IV). Improvement was seen, much more so than at 100 
0. breathing, but never reached 100 per cent in all cases. Pao 2 at rest ( 
definitely, but it increased much more than that of 100 per cent CL 1 
time along with an increase of Sa 0 ,. Pa C o., was within the normal lim 
sive of that in Group III and it was not found to be increased more 
time of 100 per cent CL breathing, pll was within the normal limits, 
and IICOj were above the normal value. 

6. Influence of Exercise. —Minute volume per square meter of bod; 
increased 2 to 3 times under exercise (Table V). However, ventilator; 
lent decreased under exercise in most cases, although less marked. 

Pao, tended to decrease under exercise in all eases except 1, and si 
improvement even after 10 minutes. Pa C o. showed increase under exei 
cases, but decreased in 3 cases, and in most cases recovery took place 
minutes, although there was one exception in Group III in which ther 
change. pH decreased under exercise in all cases, except 1 in Group III 
there was a return to the value at rest after 30 minutes. Bb' dccreasi 
exercise in all cases as well as pit, but failed to return to the value at rest emu 
after 10 minutes. 

7. Derived Data (Table VI).—The physiologic dead space ratio increased. 
Pa 0 „ - Pao. increased more than the normal value in all instances, while Va/Qc 
in most eases showed more than the normal value (0.8), namely, distribution- 
perfusion-relationship was abnormal. 

S. Pulmonary Circulation. —Pulmonary arterial pressure rose more than the 
normal value in all cases as shown in Table VII, especially in 2 cases in Group 
III. Pulmonary capillary pressure was within the normal limits. Pulmonary 
blood flow, cardiac index, and stroke volume decreased distinctively in all cases. 
Arteriovenous difference of 0 : content decreased markedly more than the normal ’ 
value. Pulmonary arterial resistance and total pulmonary resistance increased 
in general. Ventricular work against pressure decreased less than the normal 
value in all cases. Pulmonary blood volume decreased generally less than the 
normal value with a few exceptions. Mean pulmonary circulation time was pro¬ 
longed longer than the normal value. 

Re-examination of the postoperative cardiopulmonary dynamics 4 to G 
months later revealed the following results. 

Postoperative Changes. —VC was decreased by thoracotomy in those pa¬ 
tients who had presented normal values, but it increased in a case in Group III, 
in which there had been a marked decrease before operation. The residual quo¬ 
tient increased in most instances. 

There were a number of cases in which TLC increased postoperatively al¬ 
though it had been decreased before the operation. This was particularly true 
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with the patients in Group III, who had a marked reduction preoperatively. 
Tidal volume was decreased in 1 patient, who once had shown an increase before 
operation, but the others showed no change. Although MBC, which had shown a 
marked preoperative decrease, increased in a few cases, in the majority there was 
a decrease after thoracotomy. The respiratory reserve quotient was increased 
in a number of cases, especially in those cases in which it had been low before 
the operation. Although, ventilatory equivalent was decreased in those cases in 
which there had been an increase before the operation, it was increased in those 
cases in which it had been decreased prior to the operation. Oxygen consump¬ 
tion was decreased in those cases which were above normal before the operation, 
but it had a tendency to increase in those cases which had been lower than 
normal. 

Although intrapulmonary gas mixing was increased before the operation in 
all cases, it showed the normal value after the operation in most cases. Sao„ 
was improved in all cases, especially noticeable in those in which anoxia had 
been marked before the operation. Improvement of Pa 0 „ was readily observed, 
even longer than 2 to 3 months. Paco, showed an indefinite value in those cases 
which had been within the normal limits, but it apparently decreased and indi¬ 
cated the normal value in those cases (No. 220, 88, and 152), in which there had 
been higher than normal values. 

Pa 0 „ - Pa 0;! decreased gradually in all cases after the operation. Yd/Vt 
decreased in the cases in which there had been a marked increase. Va/Qc de¬ 
greased, getting near the normal value, i.e., 0.8, in all cases in which there had 
* eon an increase before the operation. 

Postoperative measurement made 4 to 6 months afterward showed definite 
improvement of pulmonary arterial pressure which came close to the normal 
value. Pulmonary blood flow and cardiac index became higher. Arteriovenous 
0 2 difference and pulmonary arteriolar resistance, as well as total pulmonary 
resistance, decreased together, approaching the normal value. Ventricular work 
against pressure had a tendency to increase. There were a number of cases in 
which pulmonary circulation time decreased and returned to normal. Pul¬ 
monary blood volume increased generally, approaching the normal value. 

discussion 

Giant lrullae with poor bronchial-bullous communication by their very na¬ 
ture cause considerable change in the capacity or ventilation of the lung, as 
shown by Baldwin, 0 ’ 7 and Siebens, 32 and by us. This influence was further 
demonstrated by a return to normal respiratory function following removal of 
the bullae. 

Although Baldwin' stated that hypoxemia which occurs with bullae was due 
to emphysema of the remaining lung, Siebens 32 reasoned that hypoxia was due 
to imbalance of alveolar ventilation and capillary blood flow to the remaining 
lung, which was affirmed by our results. However, as Baldwin and Siebens 
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mentioned, in cases complicated with lijpoxia and hvpeicapnia, emp 
the lcmainmg lung maj be the cause, which was eonfiimed by maeios 
ings of the lung at the time of suigeij and biopsv 

Bullae seem to citato a maikcd influence on the pulmonaij one 
CMdeneed by deeieased pulmonaij blood flow, ineicased total pulmoi 
tance, and pulmonaij lijpeitension 

Out findings bate been shown to be identical with those lepoitci 
Fatiick,* 1 except foi pulmonaij blood flow 

Oui animal expenmcnts 13 ha\c logieallj shown that altered j 
cneulation does occtu not onlj m the picsencc of the bullae but a 
picsence of a balloon inseited into the pleuial eavitv of the animal, 01 
conditions following extrapleuial pncumothoiax It is assumed that 
alteiation develops whenevei anj picssuie is excited on the pulmonar; 

The fact that the resection of bullae lelicvcs the characteiistic pnj»iuiu 0 «, 
cardiopulmonaij change was well substantiated bj oui expenmental and clinical 
lesults which agiee with other repoits 

When, howcvci, an advanced pulmonaij emplijsema accompanied the bul¬ 
lae foimation, the situation is fai more complicated It is most probable that 
the letum of noimal eaidiopulmonaiy dj-namics would be least expected despite 
icsection of bullae Theoieticallv, the emphjsematous condition would continue 
to exist 

Pit-Patiick lepoited that m the eases in which bullae weie i emoted with 
poudiage theie failed to be improvement m pulmonaiy artenal hjpeitension 
and total pulmonaiy lcsistance in certain instances Besides, hypoxia was not 
always improved 

Since these results aie to be expected, the lational ticatment should be 
icsection of the bullae with surgical ticatment of the involved emphysema 
Ciensliaw 11 1 11 and Abbott 1 ” 3 have devised methods foi the opeiative tieat 
ment of cmphvseina, which were aimed at pulmonaij deneivation with certain 
v ai lations 

Accoiding to his lepoits, Abbott 1 * 3 succeeded in obtammg impiovement 
in sjmptoms and signs, and in lowemig pulmoiiaiv aitenal hypertension, while 
Crenshaw 11 *' 13 was successful in lelievmg svmptoms of advanced emphj sem¬ 
atous patients who stood the opeiation well Postoperative impiovement was 
definite)} obseived 

The authois have attempted to lcsect bullae with nicoipoiation of Cien 
shaw’s operation m the cases m which hvpoxonna and hvpeicapnia were pies 
cut Those patients improved despite a stoimj postopeiativc couise, and 
eventual lemission oceuircd without fail as attested bv lowering pulmonaiv 
aitcml livpeitension, with dccienscd total pulmonaij lcsistance, thus diffenng 
fiom FiUPatrick’s lepoit The ratio between alveolai ventilation and pul 
monaij capillaiv blood flow became noimal with collection of livpoxia and 
absence of lijpeieapnia 
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Baldwin 0 * 7 and Siebens, 32 on the contrary, believed that the pulmonai’y 
bullae with advanced emphysematous complication should be retained, and that 
surgical intervention is contraindicated, because of the pulmonary physiology, 
and because respiratory insufficiency may ensue postoperatively. 

Nevertheless, from our experience, emphysema, although advanced, should 
not necessarily be regarded as a contraindication, for various physiologic tests 
made after surgery have sufficiently proved the surgery to be legitimate. 
Therefore, the procedure of choice should be resection of the bullae with dener¬ 
vation for better cardiopulmonary dynamics with relief of symptoms and signs. 

summary 

Experiences with 11 cases of giant bullae are reported, in 8 of which resec¬ 
tion and denervation were performed, resulting in definite postoperative im¬ 
provement of symptoms and signs. The results obtained in pre- and postopera¬ 
tive physiologic investigation of the cardiopulmonary functions were: 

1. Vital capacity was decreased markedly and residual volume was in¬ 
creased in the cases in which hypercapnia had been present. Gas mixing showed 
abnormal values in all cases. By means of bronchospirometry, vital capacity, 
minute volume, the maximum breathing capacity, and oxygen consumption were 
shown to be decreased on the affected side. 

Sao 2 and Pa 02 were decreased, but Pa C o„ increased in Group III. Physio¬ 
logic dead space ratio and Pa 0 „ - Pao 2 were all increased, but there was definite 
^decrease ot' pulmonary blood flow and cardiac index. Total pulmonary resist¬ 
ance was increased and pulmonary circulation time was prolonged. 

2. Postoperatively, total lung capacity, gas mixing, Sa 02 , Pa 02 , Pa 02 - Pao 2 , 
Va/Qc, pulmonary arterial pressure, pulmonary blood flow, total pulmonary 
resistance, and circulation time returned to normal values, respectively. 

3. Since the abnormal physiologic cardiopulmonary findings in the presence 
of giant bullae are chiefly duo to compression of the bullae on the remaining 
lung, operation is not contraindicated even if hypoxia is present. 

Even in the cases in which giant bullae are complicated with emphysema 
and in which anoxia, hypercapnia, and pulmonary hypertension are present, 
normal pulmonary function can be obtained with surgical excision of the bullae, 
combined with denervation. In our opinion operation is not contraindicated in 
cases complicated with emphysema, but resection of the bullae with denervation 
is indicated. 
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BRONCHOPULMONARY SEQUESTRATION 

M. A. Claman, M.D., and f. L. Ebrenbajt, M.D., Iowa City, Iowa 

B ronchopulmonary sequestration, at one time a subject of in¬ 
to anatomists and embryologists alone, lias ivitbin recent years 
the interest of thoracic surgeons. The lesion is characterized by two 
features, the cystic or bronchiectatic pulmonary disease and the syste 
monary artery supplying the diseased lung. Thus its importance to the 
surgeon is of necessity twofold. He is concerned with the preoperative ■ u 
of the pulmonary lesion although it is usually only suspected rather than 
diagnosed. More important, however, is his concern with the operative recogni¬ 
tion of the potentially dangerous vascular anomaly. 

We have seen 7 patients with this anomaly at the State University of Iowa 
Hospitals in the past 5 years. Six of these were treated surgically and the 
seventh was discovered at the postmortem examination of a newborn infant. 

PATHOLOGY 

The pulmonary lesion is usually one of cystic or bronchiectatic disease 
of the lower lobe. More often than not the ectopic or sequestrated lung has 
no communication with the bronchial tree. Commonly, however, the adjacent 
basilar segments show bronchiectatic changes although they receive no anomalous 
blood supply. The lesions are usually on the left side and in our series were 
exclusively so. The cysts may bo tliin-walled, lined with cuboidal epithelium, 
or may resemble bronchiogenic cysts with pseudostratified columnar epithelial 
lining. The anomalous artery ordinarily arises from the lower thoracic aorta 
but may originate from the abdominal aorta or other abdominal arteries and 
traverse the diaphragm to reach the sequestrum.* 

A distinction should be made between intralobar sequestration and extra- 
lobar sequestration (accessory lobe). The intralobar sequestrum is embedded 
in the lower lobe, usually in its posteromedial aspect and characteristically has 
venous drainage to the pulmonary vein. There is almost invariably an important 
element of infection. Accessory lobes are entirely separate from the lower lobe 
and may even be found beneath the diaphragm. There is little doubt, however, 
that this distinction between the two types may be made virtually impossible 
by the presence of chronic inflammatory changes binding the accessory lobe 
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to surrounding normal lung. Venous drainage from accessory lobes is usually 
to tlie hemiazygos vein. Diaphragmatic defects are frequently associated with 
extralobar sequestration. 1 ’ 3> 12 

CLINICAL FINDINGS 

Patients with this condition usually present themselves with histories of 
recurrent pulmonary infections. In the 8 eases reported by Pryce, 9 7 of the 
patients had the onset of symptoms before they were 20 years of age. Our 
patients experienced a somewhat later onset of symptoms and 3 of the 7 had no 
symptoms referable to the pulmonary disease. Bronchoscopic examination is 
apt to show bronchial inflammation and purulent exudate in the lower lobe 
bronchus. Radiographic findings are not specific but recurrent inflammatory 
processes, cysts, or bronchiectasis limited to the left lower lobe should make 
one highly suspicious of pulmonary sequestration. We have not felt the need 
for angiographic proof of the diagnosis as proposed by Gerard and Lyons.® 

ETIOLOGY 

The cause of this peculiar combination of findings is still in doubt, although 
numerous theories have been advanced. The issue is clouded by the occurrence 
of each of the components (systemic pulmonary artery, cystic or bronchiectatic 
lung disease and, sometimes, diaphragmatic defects) separately. 3 It is never¬ 
theless tempting to postulate some causal linkage between them when they do 
occur together. Pryce’s 8 ’ 9 approach to the problem, set forth so cogently in 
1946 and 1947, has found many adherents and is probably the most widely 
quoted if not the most widely believed of all the applicable theories. Pryce 
believes that the systemic pulmonary artery, persisting in its fetal attachment 
to a portion of the lung, causes the “captured” bronchial bud to separate from 
the main pulmonary mass. This condition of ectopia is then apt to give rise to 
the pulmonary changes described previously. 

R. A. Smith 10 states that an anomalous pulmonary artery is the primary 
lesion but suspects that the pulmonary changes are secondary to exposure to 
the relatively high systemic blood pressures. 

Berman, 1 among others, believes that the pulmonary anomaly is primary 
and that the abnormal lung then attracts local independent blood supply from 
the most available source. Thus, structures having the characteristics of broncho¬ 
genic cysts, when they occur at the hilar level or above, are apt to have an in¬ 
dependent blood supply from the pulmonary artery while similar structures 
near the medial aspects of the lower lobes are apt to be supplied by arteries 
arising from the nearby aorta. 

Gebauer 5 carries this thought even further, stating that the primary pul¬ 
monary disease, usually acquired, stimulates the hypertrophy of vessels be¬ 
longing to the “network of the bronchial and mediastinal arteries” and thereby 
takes the disease almost entirely out of the congenital class. 

Boyden, 2 after carefully examining the theories of Pryce and Smith, con¬ 
cludes that “a hypothesis of coincidental occurrence of these anomalies in 
certain patients is still all that can be warranted by the facts at our disposal.” 
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TREA1MENT 

Ticatment consists of suigical excision of the diseased lung Ii 
cxtialobai sequcstiation, tlie scqucstiuni alone can lie iemo\ ed If the 
tion is of the intialobai ty^pe, a lobectomy or segmental lesection of t 
segments is usually requixed Any accompanying diaphiagmatic defect should 
be repaired Opeiative recognition of the lesion and its anomalous blood supply 
is essential The systemic pulmonary arteiy, usually found in the mferioi pul 
monaiy ligament, must be caicfully dissected out and ligated Inadyertent 
cutting or tearing of this vessel may lesult m serious or men lethal hemor 
lhage 11 

c\sr RFPORTS 

Summaries of the cases tieated follow Some of the salient fcatiues are 
piescnted moie succinctly in Table I 


Table I 


PATIENT ! 

| SEX 

| ACF 

DOTATION 

I ov SXMP 
TOMS 

1 BLOOD SUPPLY 

INTRA 

OP 

EXTRA 

IOBAR 

TATIIOLOCY 

BrONCIIIAL 
COM MUNI 

CATION 

1 J B S 

M 

64 

None 

Through din 
phrngm 

Extra 

Pulmonary conges 
tion and collapse, 
eventration of dia 
phragm 

None 

2 H B 

M 

32 

lyr 

Aorta, 2 ves 
sels 

Intra 

Advanced chronic 
inflammation 

None 

3 G W 

M 

56 

2yr 

Aorta, 3 ves 
sels 

Intra 

G cm cyst and sur 
rounding bronchi 
cctnsis 

"ics 

4 y\ C B 

AI 

29 

None 

Aorta, 1 ves 
sel 

Inti a 

C\st lined with 
bronchial cpitheli 
um, cellulitis of 
adjacent lung 

None 

5 R II 

M 

4 

1 yr 

Aorta, 1 ics 
sel 

Intra 

Bronchiectasis and 
abscesses m bisilar 
segments 

Yes 

6 D E 

M 

1 da\ 

1 day 

Aorta, 1 ves 
■sol 

Extra 

Atelectatic pulmo 
nary tissue with 
fibrin in alevoli 

No 

7 L W 

M 

18 

6 mo 

Aorta, 1 ves 
sel aud pul 
monary ar 
tery 

Intra 

Pneumonitis posterior 
basilar segment 

No 


Case 1—J B S, a G4 year old white man, lnd no pulmonary symptoms but 1 new of 
a “lung cyst” demonstrated in chest roentgenograms 20 years previously He entered 
the hospital for treatment of an ulcer Radiographs mealed a radiolucent arei in the 
left loner chest thought to be a lung cyst or a Bochdalek type diaphragmatic hernia (Fig 
1, A and B) At snrgcn, a definite posterolateral diaphragmatic weakness Mas found Tltere 
was also an cxtralobar sequestration which was rermned and which showed congestion ind 
pulmonary collapso microscopically The blood supply came through the diaphragm from a 
systemic artery 
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Case 2.—H. B., a 32-year-old white man, had had two episodes of pneumonia in the 
previous year. Productive cough and dyspnea had followed the second of these which had 
occurred 6 months previously. Roentgenograms showed an irregular mass in the left lower 
lobe and bronchograms revealed minimal bronchiectasis of the basilar segments (Pig. 2, A, 
B and C). Bronchoscopy showed purulent material coming from the left lowei lobe. At 
the time of surgery an intralobar sequestium showing advanced chronic inflammation was 
removed. Its blood supply consisted of two vessels aiising from the lower thoracic aoita. 

Case 3.—C. W., a 56-year-old white man, had had pneumonia on the left side 2 years 
previously and had noticed a chronic cough since then. Roentgenograms of the chest icvcaled 
a cyst in the left lower lobe and bronchograms showed basilar bronchiectasis. A lower 
lobectomy was performed. Three arteries arising from the aoita supplied the cyst. The 
cyst had a bronchial communication and was lined with pseudostratified columnar epithelium. 



A s. 

Fig 1.— (Case 1 ) A and B, Roentgenograms of the chest demonstrating the posterioi 
diapnragmatic defect associated with the extrapulmonary sequestration. 


Case 4.—W. C. B., a 29 year-old white man, had no pulmonary symptoms but a left 
pulmonary shadow had been noted radiogiaplucally 1 month prior to admission. Broncho¬ 
grams were normal as was bronchoscopy. A lower lobectomy' was performed for a 7 cm. 
mass located postenoily in the lower lobe. This mass was supplied by' one artery coining 
from the aorta. It was lined with bronchial epithelium although there was no bionchinl 
communication. 

Case 5.—R. H., a 4 y r ear old white boy, had had repeated episodes of left lower lobe 
pneumonia during the pievious year. Roentgenograms showed a left lower lobe shadow con¬ 
sistent with unresolved pneumonia (Fig. 3, A and B). An excision of the basilar segments 
was performed. They showed bronchiectasis with numerous abscesses. The anomalous vessel 
to these segments arose from the lower thoracic aorta. 

Case 6. D. E. dipd on the first day of life from aspiiation of vomitus. Besides con¬ 
genital megacolon and bilateral partial ureteral obstruction, an extralobar sequestration or 
accessory lobe of the lung was found (Fig. 4). 

Case 7. —L. IV., an 18 year old white man, had had left lower lobe pneumonia 6 months 
previously' with persistent radiographic changes. Roentgenograms showed segmental atelectasis 
of the left lower lobe and bronchograms showed some clumping of the bronchi in this area. 




2?. C. 

Fie:, 2.—(Case 2.) A and B. Roentgenogram of the chest (A) and bronchograms (D, Cl 
demonstrating the mass in the left lower lung field and the minimal amount of bronchiectasis 
in the lung tissue adjacent to it. 
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A. B. 

Fig. 3.— (Case 5.) A and B, Chest roentgenograms showing the infiltrate in the posterior 

basilar area ot the left lower lobe. 



Fig. 4.— (Case 6.) Postmortem appearance of tlie extralobar pulmonary sequestration. 
Note the atelectatic accessory' lobe and the vascular supply derived from the aorta. No bron¬ 
chial communication could be demonstrated. 
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Bronchoscopy revealed bronchitis on the left, especially marked around the poster 
segment At surgerj a mass m the posterior basilar segment, rcceuing its bl( 
directly from the aorta, was found The basilar segments were resected Th 
chronic pneumonitis was supplied by both aortic and pulmonary branches but 
bronchial communication 


DISCUSSION 

Bronchopitlmonnxy sequcstiation of the mtialobar or e\tialobar types is 
usually a symptomatic lesion, but even when secondaiy infection oi adjacent 
hionclnectasis does not call the patient’s attention to the disease, a loutme chest 
film piobably will These facts as well as the medical profession’s increasing 
awaiencss ot suigical pulmonary diseases mean that laiger numheis of these 
lesions will be seen by smgeons than lia\e been in the past The suigcon ticat 
mg these patients must be aware of the diagnostic possibility of broncliopulmo 
narj sequestration wlienevei he sees a cystic or bionclnectatic lowei lobe lesion, 
especially on the left side The \ alue of suspecting oi recognizing this anoinah 
lies largely m minimizing the dangei of accidental injury to the anomalous 
\essel during the pulmonaiy suigery 


SUM MARI 

Seven cases of bronehopulmonaiy sequestiation seen m the past 5 jears 
have been described All of these wcie on the left side and in male patients 
The outstanding fea.Uu.es of the disease m legard to cluneal and pathologic 
findings and etiologic theones have been briefly lewewed 
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DUODENOBRONCHIAL FISTULA 

With a Summary of Abdominothoracic Fistulas 

]ohn L. Keeley, M.D., and Thomas A. Campbell, M.D., Chicago, 111. 

F istulous connections between viscera are usually the result of ulceration, 
either benign or neoplastic, or secondary to gall stones. Such communica¬ 
tions are usually between adjacent viscera. However, dissection and burrow¬ 
ing of an infectious, inflammatory, or ulcerative process may lead to the for¬ 
mation of a fistulous tract between widely separated structures either in the 
same body cavity or in adjacent ones. We wish to present a patient who had 
a duodenobronchial fistula. Despite a thorough search of the literature we 
have not encountered a report of a similar fistulous communication. 


CASE REPORT 


K. P., a 67-year-old man, was admitted to tlie West Side Veterans’ Administration 
Hospital on June 27, 1955, because of a productive cougli, weakness, and weight loss of 
8 weeks’ duration. His past history included a ruptured appendix in 1920 which was 
treated by drainage. Appendectomy was performed in 1922. One year later he had an 
episode of intestinal obstruction due to adhesions for which he was treated surgicalty. 
Another episode of intestinal obstruction occurred 6 years later, in 1929. In 1942, he 
underwent a cholecystostoniy, but the details of his illness prior to this operation are 
unavailable. In 1950, he had been treated for pneumonitis ut which time transitory 
hemoptysis was present. 

During the month prior to his admission to the West Side Veterans’ Hospital he had 
been hospitalized elsewhere, and a diagnosis of bronchiectasis had been made on the basis 
of x-ray and bronclioscopic findings. No evidence of tuberculosis or tumor had been 
demonstrated. 

Physical examination disclosed an asthenic Negro man who appeared to be comfort¬ 
able. The blood pressure was 11S/70 mm. Hg. The heart was normal; there was a lag in 
respiratory movements of the chest. Resonance and breath sounds were decreased, and 
moist rales were scattered throughout the base of the right lung. There were three well- 
healed abdominal incisions resulting from his previous operations. The abdomen was 
otherwise normal as was the remainder of the physical examination. 

The laboratory studies disclosed normal hemogram, serology, urinalysis, and electro¬ 
cardiogram. Smears of gastric washings were negative for acid-fast bacilli on four occa¬ 
sions. The culture of the sputum revealed beta streptococcus and para-colon bacillus. 

An x-ray study of the chest revealed diffuse mottling of the base of the right lung 
with slightly increased markings throughout the right lung field. There was displacement 
of the trachea and the heart to the right and some elevation of the diaphragm on the 
right (Fig. 1). These findings were considered compatible with the clinical diagnosis of 
bronchiectasis. 

Bronchoscopy was negative except for the presence of purulent secretions in the 
segmental bronchi of the right lower lobe. The patient was treated for a time with 
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Achromycin, Chlormycetin, and erythromycin with little benefit and without 
sputum. Following the studies thought pertinent to the productive cough, a more gen¬ 
eral investigation was begun. 

Fluoroscopy following a barium meal disclosed a normal stomach and duodenal bulb, 
The junction of the first and second portions of the duodenum appeared to be retracted 
upward, laterally and posteriorly. From this point, barium escaped from the duodenal 
lumen into what was at first thought to be the common bile duct and its tributaries. 



Fig.. 1—Roentgenogram which shows diffuse mottling of the base of the right lung, some 
shift of the mediastinum to the right, and elevation of the diaphragm on the right These 
findings were considered compatible with the clinical diagnosis of bronchiectasis 

However, films made following the fluoroscopy showed that the barium had entered the 
bronchial radicles in the right loner lobe. Roentgen ray studies in different projections 
demonstrated that a fistulous tract extended from the duodenum, passed posterior to the 
livor, traversed the diaphragm and entered the bronchial radicles of the posterior basal 
segment (Fig. 2). The second portion of the duodenum appeared to be smoothly com¬ 
pressed from the lateral side by an extrinsic mass. Intravenous cholecystography dis¬ 
closed a distended gall bladder which was thought to account for the duodenal compres¬ 
sion (rig. 3). 

Attempts to pass a long tube beyond the fistulous tract and the distorted duodenum 
for feeding purposes and to decrease the contamination of the tracheobronchial tree were 
unsuccessful. It was thought that closure of the fistula would decrease the productive 
cough. 

On Aug. 8, 1955, the abdomen was opened through a right subcostal incision and the 
fundus of the gall bladder was found to be firmly attached to tho abdominal wall, pre¬ 
sumably at the site of the previous cholecystostomy. There were dense adhesions between 
the gall bladder and tho duodenum. The duodenum, a short distance from the pylorus. 
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Fig. 3.—Intravenous cholecystography showed the compression of the third portion of the 
duodenum to be due to a distended gall bladder. 
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was seen to pass posteriorly and superiorly to the region of the posterior subphrcmc 
space. It then made a sharp angulation at its point of contact with the lower edge of 
the posterior surface of the In er. The second portion of the duodenum was identified 
passing in its usual direction. The foramen of Winslow was patent. 

The junction between the first and second portions of the duodenum was separated 
from the undersurface of the liver and from a mass of scar tissue involving the posterior 
edge of the liver and the diaphragm The duodenum had an opening 1 cm in diameter 
on its free border. An opening of similar size was found m the mass of scar tissue. 



Fig. 4 —Roentgenogram of the chest made approximately 3 months after operation shows 
clearing of the lower lung field on the right, normal contour and le\el of the right diaphragm, 
and correction of mediastinal shift. 

The duodenum revealed no other abnormality and no scarring, suggesting a chronic 
ulcer. The opening in the duodenum was closed with an inner row of catgut sutures and 
seromuscular sutures of cotton. The duodenum was displaced downward and wrapped in 
omentum to prevent the re-establishment of the fistula. A biopsy of the fistulous tract 
was taken. The gall bladder was removed. It was scarred and contained tw’O stones, 1 
cm. and 1.5 cm. in diameters. Suitable drams wero put in place and the abdomen was 
closed. 

The pathologic diagnosis was chronic cholecystitis and cholelithiasis and a fistulous 
tract with intestinal mucosa not further identified at the abdominal end. The early post¬ 
operative comae was marked by episodes of chills and fever, and a white blood cell count 
of 48,000. By the fifth postoperative day, the temperature was normal and the white 
blood cell count was 14,000. The abdomen was soft, the Levine tube was removed and 
the patient received a liquid diet. A bronchogram on Aug. 26, 1955, failed to show any 
evidence of bronchiectasis of the middle or right lower lobes. A postoperative gastro¬ 
intestinal study revealed less distortion of duodenum. Comparison of the preoperative 
and postoperative chest films showed considerable clearing in the right lower lung field 
(Fig. 4). 
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Following operation, the patient recovered rapidly. His cough subsided. lie was 
dismissed from the hospital on Dec. 14, 1955, having been detained for completion of ex¬ 
tensive dental care. 


DISCUSSION 

In the search for a previously recorded instance of duodenobronchial 
fistula, a variety of pathologic conditions below the diaphragm, which even¬ 
tually communicated with the bronchial tree, were encountered. A summary 
of these widely scattered reports is offered. 

It has, of course, been well established that subphrenic suppurative proc¬ 
esses of long standing can eventually penetrate the diaphragm to cause em¬ 
pyema, pericarditis, pleurisy with effusion, or bronchial fistula. In the 
collective review of 3,608 patients with subphrenic abscesses, compiled by 
Ochsner and De Bakey, 1 28.1 per cent had pleurisy or pleural effusion, 17.8 
per cent had empyema, and 10.5 per cent had bronchopleural fistulas. 

Hochberg’s 2 series of 111 patients had a similar high incidence of these 
complications with 36 per cent, 19.2 per cent, and 4.7 per cent of pleurisy or 
pleurisy with effusion, empyema, and bronchopleural fistulas, respectively. 
Berens, Gray, and Dockerty 3 in reporting subphrenic abscesses in 154 patients, 
found pleural effusion in 54.5 per cent, empyema in 22.7 per cent, and bron¬ 
chopleural fistulas in 11 per cent. The occurrence of bronchopleural fistula 
complicating subphrenic abscess appears to be well established. 

Gullickson and Smith 4 have emphasized the desirability of immediate 
treatment for patients with subphrenic abscesses, who develop “broncho¬ 
pleural-peritoneal” fistulas. They describe in detail 2 patients in whom rapid 
deterioration occurred following the establishment of this type of fistula and 
in whom bronchoscopic aspiration in one patient and tracheostomy and aspi¬ 
ration in the other appeared to be lifesaving. 

Adams, 5 in discussing pleurobiliary and bronehobiliary fistulas, points out 
that most of these are associated with abdominothoracic war wounds and 
warns that if bile is found at thoracentesis, prompt drainage of the pleural 
space should be established. It is also urgent, he states, to establish adequate 
drainage in patients who cough up bile, as a fatal necrosing bronchitis may 
result from the action of bile plus secondary infection. 

Adams reported 4 patients, 2 of whom developed empyema thoracis after 
rupture of a gangrenous gall bladder. Open drainage of the empyema cavity 
was done in both patients. Bile drained until appropriate biliary surgery was 
performed, after which the empyema healed. In the other 2 patients, a bron¬ 
ehobiliary fistula developed after cholecystectomy which was followed by 
jaundice. The eradication of common duct strictures in both of these patients 
was followed by the healing of the bronehobiliary fistulas. 

Meyer, 0 in reporting the rupture of a pyogenic subphrenic abscess into 
the pericardium, emphasized the rarity of this occurrence. He also states 
that rupture of amebic liver abscess into the pericardium is rare, as it requires 
an abscess of the left lobe of the liver, an uncommon location. Gastric ulcers 
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have ruptured into the pericardium. The use of antibiotics masks the symp¬ 
toms of the original disease in many instances and may be responsible for 
delayed or missed diagnoses. 

Neilsen, Dick, and Maddock (1950), 1 in reporting a perineplirobronchial 
fistula and psoas abscess with chronic perinephric infection, emphasize the 
insidious nature of perinephric infection and the great frequency of its late 
diagnosis. Their patient coughed up as much as two quarts of pus per day. 
Diagnoses of bronchiectasis and of carcinoma of the lung had previously been 
made. A mass developed in the right groin. Expectoration of large amounts 
of pus made the mass smaller. The cough stopped after the mass was drained 
of two quarts of pus. A urethral catheter was kept in the sinus in the right 
groin for 3 years. Healing occurred when it was removed. 

Ribeiro (1939) 8 describes a patient who for 3 months had expectorated 
large quantities of foul sputum. Incision into a swelling in the left flank 
yielded 3 L. of pus. The foul expectoration persisted, as did a fistula in the 
incision. Roentgenograms showed a voluminous calculus in the region of the 
left kidney. At the second operation it was removed in pieces and a nephrec¬ 
tomy was done. As the upper pole of the kidney was being freed from the 
diaphragm, a “lumbobronehia!” fistula was found. The patient was under 
spinal anesthesia and began to cough bloody mucopurulent material. Cough 
and expectoration stopped 8 days later. The fistula in the flank persisted and 
opaque media injected into it entered what appeared to be small bowel, as 
judged by the mucosal pattern. Curetting and packing the fistula was fol¬ 
lowed by healing. It is possible that a loop of small bowel had become ad¬ 
herent to the infected kidney and that the fistula occurred at this point. 

Urizza and Gama, 0 in 1951, reported a patient with hemoptysis and, later, 
mucopurulent sputum. Following a barium meal, he expectorated barium, 
and a diagnosis of gastrobronchial fistula was made. His complete preopera¬ 
tive diagnosis was diaphragmatic hernia, gastrobronchial fistula, and bronchi¬ 
ectasis of the left lower lobe or lingula. At operation an “anterior” dia¬ 
phragmatic hernia was found. A fistula had developed between the intra- 
thoracic portion of the stomach and the tip of the lingula. A partial gastric 
resection was done to remove the area of the fistulous opening. The hernia 
was repaired, and a lingulectomy was performed. Microscopic examination 
of the lingula disclosed atelectasis, fibrosis, cystic bronchiectasis, nonspecific 
bronchial infection, and lipoid pneumonia. The patient made a prompt recov¬ 
ery and was ambulatory after the fourth postoperative day. 

We are unable to prove the sequence of events which led to the for¬ 
mation of the fistula in our patient, ne was well for 6 years after drainage 
of the gall bladder; therefore, injury to the duodenum during the operation 
is not considered responsible. Then an episode of “pneumonitis with hemop¬ 
tysis” occurred. However, it was not until 5 years later that bronchiectasis 
was diagnosed. At the operation for the bronchoduodenal fistula there ap¬ 
peared to be no findings suggesting serious gall bladder disease, such as gan¬ 
grene or continuing fibrosis. There was no evidence of malignant disease. 

We are left with two reasonable possibilities. One is the perforation of a 
duodenal diverticulum. This appears to be rather unlikely as they are usually 
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Following operation, the patient recovered rapidly. His cough subsided. He was 
dismissed from the hospital on Dec. 14, 1955, having been detained for completion of ex¬ 
tensive dental care. 


DISCUSSION 

In the search for a previously recorded instance of duodenobronchial 
fistula, a variety of pathologic conditions below the diaphragm, which even¬ 
tually communicated with the bronchial tree, were encountered. A summary 
of these -widely scattered reports is offered. 

It has, of course, been well established that subphrenic suppurative proc¬ 
esses of long standing can eventually penetrate the diaphragm to cause em¬ 
pyema, pericarditis, pleurisy with effusion, or bronchial fistula. In the 
collective review of 3,608 patients with subphrenic abscesses, compiled by 
Ochsner and De Bakey, 1 28.1 per cent had pleurisy or pleural effusion, 17.8 
per cent had empyema, and 10.5 per cent had bronchopleural fistulas. 

Hocliberg’s 2 series of 111 patients had a similar high incidence of these 
complications -with 36 per cent, 19.2 per cent, and 4.7 per cent of pleurisy or 
pleurisy with effusion, empyema, and bronchopleural fistulas, respectively. 
Berens, Gray, and Dockerty 3 in reporting subphrenic abscesses in 154 patients, 
found pleural effusion in 54.5 per cent, empyema in 22.7 per cent, and bron¬ 
chopleural fistulas in 11 per cent. The occurrence of bronchopleural fistula 
complicating subphrenic abscess appears to be well established. 

Gulliekson and Smith 4 have emphasized the desirability of immediate 
treatment for patients with subphrenic abscesses, who develop “broncho¬ 
pleural-peritoneal” fistulas. They describe in detail 2 patients in whom rapid 
deterioration occurred following the establishment of this type of fistula and 
in whom bronchoscopic aspiration in one patient and tracheostomy and aspi¬ 
ration in the other appeared to be lifesaving. 

Adams, 5 in discussing pleurobiliary and bronchobiliary fistulas, points out 
that most of these are associated with abdominothoracic war wounds and 
warns that if bile is found at thoracentesis, prompt drainage of the pleural 
space should be established. It is also urgent, he states, to establish adequate 
drainage in patients who cough up bile, as a fatal necrosing bronchitis may 
result from the action of bile plus secondary infection. 

Adams reported 4 patients, 2 of whom developed empyema thoracis after 
rupture of a gangrenous gall bladder. Open drainage of the empyema cavity 
was done in both patients. Bile drained until appropriate biliary surgery was 
performed, after which the empyema healed. In the other 2 patients, a bron¬ 
chobiliary fistula developed after cholecystectomy which was followed by 
jaundice. The eradication of common duct strictures in both of these patients 
was followed by the healing of the bronchobiliary fistulas. 

Meyer, 0 in reporting the rupture of a pyogenic subphrenic abscess into 
the pericardium, emphasized the rarity of this occurrence. He also states 
that rupture of amebic liver abscess into the pericardium is rare, as it requires 
an abscess of the left lobe of the liver, an uncommon location. Gastric ulcers 
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C oociDioiDOJiA is a lesion which is endemic to the southwestern part of the 
United States. Tims, in most collective series of pulmonary granulomas, 
the fungus Coccidioidcs immitis is rarely isolated as the causative agent. The 
lack of familiarity with this lesion has led many clinicians to picture the 
coceidioidoma as a solid granuloma without a virulent potential. That such 
lesions are not generally solid nor sterile is well borne out by the following 
presentation of patients. The chest x-ray studies and gross pathologic findings 
are illustrated by the accompanying photographs of a typical case (Pigs. 1 and 
2 ). 


MATERIALS AND METHODS 

During the 10-year period from 1948 to 195S, 25 cases of coceidioidoma were 
treated surgically on the County and private thoracic surgical services in Bakers¬ 
field, California. On initial x-ray examination these cases met the following 
criteria: (1) location in the substanee of the lung, (2) no apparent cavitation, 
(3) absence of obstructive changes in the lung peripheral to the lesion, and (4) 
no other significant pathological change in the lung fields. The causative 
organism was observed in every case, on the wet mount preparation in the 
stained sections, or by culture. 

OBSERVATIONS 

There were 22 Caucasians, 2 Negroes, and 1 Filipino involved in this series. 
The lesion was found in 13 males and 12 females with the age range evenly 
distributed between 20 and 60 years of age for both sexes (Table I). 


Table I. Age and Sex 






AGE 

( years) 


— 



-20 

1 21-30 

| 31-40 1 

| 41-50 

| 51-GO I 

61-70 1 

71-80 

| TOTAL 

Male 

1 

2 

2 

3 

3 

1 

1 

13 

Female 


3 

4 

o 

2 

2 


12 

Totals 

1 

5 

G 

5 

5 

2 

1 

25 
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No acute or pneumonic history was elicited in 12 patients, the lesion being 
letected on a survey chest roentgenogram (Table II). In those 13 patients 
iresenting symptoms, the interval between x-ray findings and surgery was less 
han 3 months in 5 patients and over 12 months in 8. The latter group illus- 
rates the tendency to observe these lesions for extended periods of time in cer- 
ain cases. 


Table II. Clinical History 



I INTERVAL BETWEEN X RAY FINDING AND SURGERY 


| UNDER 3 MO. 

| 12 MO. AND OVER 

Symptoms prompting x ray 

5 

8 

Asymptomatic: routine film 

12 



Tig 1 F'g 2 

Fig 1 —Posteroanterior roentgenogram of the chest in a 21-year-old man Note the 
coccidioidoma in the right upper lobe 

Fig 2 —Photograph of gross specimen disclosed in Fig 1 

Skin tests for coccidioidomycosis were done presurgically on 18 patients, and 
in 11 of them the reaction was positive. Positive tuberculin reactions were ob¬ 
tained in 6 of 15 patients tested. Five symptomatic patients exhibited negative 
coccidioidin skin tests at the time of surgery. Retesting a number of weeks later 
might have shown a conversion to a positive reaction, but the possibility of 
malignancy precluded such a waiting period in some cases. Positive precipitin 
and complement fixation titers were obtained in 2 and 4 cases, respectively, out 
of 16 cases tested (Table III). 


Table HI. Serology 




16 CASES TESTED 


POSITIVE 

j NO REACTION 

Precipitin titer 

2 

14 

Complement fixation 

4 

12 
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The indications for surgery fall into two principal groups: (1) a round 
lesion in which the possibility of malignancy cannot be mled out, and (2) a 
radiodensity which intermittently cavitates. 

The peripheral location of the eoecidioidoma makes bronchoscopy, node 
biopsies, and cytologic studies of the sputum unrewarding in making a diagnosis 
as in other peripherally located tumors. The intermittently cavitating granu¬ 
loma must be considered as a possible source of seeding of other areas of the 
pulmonary parenchyma. That such contamination does take place is suggested 
by 1 case in this series. 

Preoperative chest x-ray studies were inconclusive in ascertaining the 
etiology of the solitary lesion until, as occurred in 6 cases, the onset of radio- 
lucency or air-fluid levels. In the remaining 19 cases, the absence of calcium 
made carcinoma at least suspect in every ease. Ilowever, microscopic examina¬ 
tion of the surgical specimen did reveal scattered central calcification in 4 cases. 
The significant finding of lamination which is considered pathognomonic for 
granulomas was not observed in roentgenograms and fibrous lamination was 
seen grossly in only 2 cases. 

The anatomic location of the eoecidioidoma showed equal distribution be¬ 
tween the upper and lower lobes, the right lower lobe and the left upper lobe 
containing 15 of the 25 lesions. Previous work emphasized the tendency for 
occurrence near the lower and mid-lung fields. It would seem there is no actual 
lobe preference. 

The gross size of the granulomas varied from 1.2 cm. to 4 cm., with the 
average diameter of all lesions being 2.4 cm. (Table IV). 


Table IV. Gross Size or Lesion 



SIZE (CENTIMETERS)* 


1 UNDER 1 CM. I 1.0-1. 5 I 1.6-2.0 I 2.1-2.5 | 2.G-3.0 | 

3.1-3.5 | 3.6-4.0 

Number of cases 

0 2 8 5 5 

3 2 


•X-ray measurement larger. 


The gross pathology was uniform. All of the coccidioidomas exhibited a 
fibrous capsule varying from 1 to 4 mm. in width, and in all there was central 
necrosis or caseation (Table V). As mentioned previously, two nodules con¬ 
tained fibrous lamination. 


Table V. Gross Pathology 


Fibrous capsule 25 cases 

Central necrosis 25 cases 

Solid granuloma 0 cases 

Lamination present 2 cases 


The difficulty of obtaining a specific diagnosis in a granulomatous lesion is 
well known to the thoracic surgeon. The methods used in this series are tabu¬ 
lated in Table VI. The occasional discovery of coccidioidal spherules in the 
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wet mount, when all other methods are negative, illustrates the problem of 
causative organism identification. Also of interest is the 1 ease of a positive 
culture on material taken from the surgical specimen, yet the wet mount and 
stained sections failed to disclose the organism. Unless all available means of 
organism detection are utilized, the diagnosis of nonspecific granuloma will be 
a common one. 


Table VI. Detection of Coccidioidal Organism in All 25 Cases 


Wet mount preparation 

14 

Positive Coccidioides culture 
on sputum 

1 

Permanent surg. section: 


Culture on surgical specimen 

2 

A. Spherules 

19 

Positive wet mount with 


B. Mycelia 

4 

negative microscopic 

Negative wet mount, negative 

2 

Spherules in sputum 

1 

microscopic with positive culture 

1 


In 3 patients, postoperative difficulties occurred. Two of the problems were 
atelectasis and both were cleared by bronchoscopy. The third complication was 
venous thrombosis of the lower extremities. 

EXTENT OF RESECTION 

Surgery performed here for coccidioidoma is usually of a segmental or sub- 
segmental nature, as is implied by their location and average diameter of ap¬ 
proximately 2.5 cm. (Table VII). On occasion, a lobe or more must be resected 
because of chronic inflammation or a hilar position. The extent of resection in 
coccidioidal granuloma and cavitation has been much discussed in regard to 
recurrent disease and postoperative complications. Satellite nodules have been 
held responsible for postoperative empyema and pulmonary dissemination of the 
fungus or recurrent cavitation. Some thoracic surgeons thus perform lobectomy 
as the minimal procedure. In our senes, partial lobectomy was done in 17 out 
of 25 eases, and in none of these did postoperative difficulties occur which were 
related to the organism. In the 1 case requiring pneumonectomy, the lesion 
initially presented as a solid granuloma and then progressed to the stage of 
multiple cavities. A lesser procedure was not feasible at the time of surgery 
since a large cavity involved almost the entire left upper lobe and a smaller 
cavity was intimately adherent to the vascular supply to the lower lobe. 

Table VIT. Extent of Pulmonary Resection 


Subsegmental lobectomy (wedge) 13 cases 

Segmental lobectomy 4 cases 

Lobectomy 7 cases 

Pneumonectomy 1 case 


DISCUSSION 

There is general agreement that an undiagnosed solitary pulmonary nodule 
deserves excision, and a large number of coccidioidomas are removed for sus¬ 
pected malignancy. Most reports of so-called coin lesions list malignancy as the 
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etiology in some 20 to 35 per cent of cases In an endemic aiea, sucli as tlie 
Sail Joaquin Yallej of California, malignancy is found m a much smaller pel 
centage The coccidioidm skin test is not an effective diffei ential tool, since most 
residents of this area have a positive reaction Likewise, the coccidioidal seio- 
logic findings aie of little yalue, since in most cases of clnonic granuloma tlie 
host immune response has lesohed to levels that cannot be detected 

In those cases m which coccidioidomycosis is the piesumptive pieopeiative 
diagnosis, the suigical indications laigcly lelate to persistent cavitation and its 
accompanying svmptoms Some physicians legald both coccidioidal cavitation 
and coccidioidomas as asymptomatic lesions rarely requiring suigerv While 
it is undoubtedly true that there are many undiagnosed asymptomatic gianu 
lomas, it is of intei est that 13 of the 25 patients m tins senes weie seen because 
of persistent lespnatory symptoms 

The epidemiology of the eoceidioidoma is important in evaluating the 
suigical indications for its lemoval That viable oiganisms aie piesent m the 
gianuloma wall in both spherule and/oi mycelia form is a fact, yet man to man 
transmission of the disease oi latci extinpulmonary dissemination fiom a pul 
monary focus has never been pioved Moie hkelv is the possibility of endo 
bionchial spread of the fungus as a piocess of shelling occuis In such a situa 
tion the inoculating dose could be laige enough to set up a new site of pul 
monary disease in spite of the patient’s immune i espouse Cantation at sec 
ondary sites in the piesence of gianuloma has boon leported by others and was 
found in 1 case in this series Anothei explanation of the latei appeal ance 
of cavitation could be that undetected foci of fungal infection weie piesent in 
the lung and became detectable with renewed activity In any case, they attest 
to the spreading potentialities of the oiganism in nondissemmated cases of 
pulmonary lesions 

SUMMARY 

Twenty five cases of eoceidioidoma aie piescntcd, in all of which the fungus 
has been lecoveied in the suigical specimen Twelve of the patients were 
asymptomatic, while 13 initially piesented symptoms The piincipnl surgical 
indications were tlie possibility of malignancy and recunent cavitation Skin 
tests, coccidioidal seiology, and chest x ray studies were of limited positiie 
value in making a specific diagnosis The gloss pathologic findings aie stiessed, 
there being central neciosis with a fibious capsule in all lesions Suigery 
consisted of partial lobectomy in most cases, and thcie lias been no appaient 
spread or recurrent disease in these cases 
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presentations 

5 Discussion of Papers Discussers will be limited to 3 minutes Onlj members of tho 
Association and muted speakers will have the privilege of discussing papers 

Wednesday Morning, May 11, 1960 

8 30 A M Business Meeting (Limited to Members) 

Napoleon Room 
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N apoleon Room 

1 The Use of Direct Myocardial Stimulating Electrodes in Complete Atrio 
ventricular Block Bernard S Levowitz (by invitation), ‘William B Ford, 
and Tames W Smith, Jr (bj invitation), Pittsburgh, Pa 

2 Surgical Correction of Transposition of the Great Vessels A Five Year 
Survey Thomas G Baffes, Maurice Lev (by invitation), Milton H Paul 
(bj mutation), Robert A Miller (by invitation), William L Rikcr (bj 
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5. Diagnosis and Surgical Treatment of Intracardiac Myxoma and Rhabdo¬ 
myoma. Rodman E. Taber and Conrad R. Lam, Detroit, Mich. 

6. Vasomotor Activity During Total Body Perfusion. Paul W. Sanger, Fred¬ 
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Wednesday Afternoon, May 11, 1960 
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(by invitation), and James M. Head (by invitation), Chicago, Ill. 
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18. Pulmonary Arterial Hypoxia Versus Inspiratory Hypoxia in Relation to 
Increased Pulmonary Vascular Resistance. Peter V. Moulder, Joseph Lan¬ 
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cago, HI. 
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tion), Thomas F. Nealon, Jr., and John H. Gibbon, Jr., Philadelphia, Pa. 
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20 Gas Exchange Dynamics of Glycerolized Frozen Blood Thomas G O'Brien 
(bj invitation), Chelsea, Mass, and Elton Watkins, Jr, Boston, Mass 

21 The Relationship of the Sympatho Adrenal System to Potassium Flux and 
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tion), Fletcher A Miller (b\ invitation), and Owen H Wangensteen, 
Minneapolis, Minn 

22 Bronchoscopy and Bacteremia Sheldon Oscar Burman (by invitation), 
Pittsburgh, Pa 

23 Altered Hemodynamics in the Pulmonary Circulation Following Reaeration 
of an Atelectatic Lung Edwin Tutt Long (by invitation), Arthur F Rci 
mann (bj invitation) Tnl amaru Mikouclu (bj invitation), John R Benfield 
(b} invitation), and Salvatore L Nigro (bj invitation), Chicago, HI 
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27 Experimental Left Coronary Artery Perfusion Through an Aortotomy Dur 
ing Cardiopulmonary Bypass James B Littlefield (by invitation), Ed 
ward M Lowicki (by invitation), and ‘William H Muller, Jr, Charlottes 
villo, Va 

28 Growth of Cardiovascular Chambers Following Cardiac and Aortic Surgery 
Sigmund A Wesolowski (bj invitation), Lester R Sauvage (bj invita 
tion), Philip N Sawjer (bj invitation), and Karl E Karlson, Brooklvn, 
N Y 

Thursday Afternoon, May IS, 1060 

2 00 l M Executive Session (Limited to Active and Senioi Members, 

Napoleon Room 

S 00 pm Scientific Session Regular ProGrAM 

Napoleon Room 

Address by the President, William E Adam-, Chicago, Ill 

Address by Honored Guest, Alfonso Topete, Chairman, Department of Surgerv, 

University of Guadalajara, Mexico New Findings in the Coronary Encephalic 

Perfusion in Depressive Surgical Cases 

29 Coarctation of the Aorta With Particular Emphasis Upon Improved Tech 
mques of Surgical Repair George C Morris, Jr (bj invitation), Denton 
A Coolej, Michael E De Bale} and E Stnnlev Crawford, Houston, Tc\ 

7 00 l m Banquet and Dancing, Casanova Room 

Attendance limited to Members of the Association and their ladies, In 
vitcd Speakers and their ladies 
Dinner dress preferred 

Friday Morning, May IS, 1060 

9 00 avi Scientific Session Rfgulaf Proarvxt 

Napoleon Room 

30 A Five Year Follow up Study of Closed Mitral Valvulotomy j Gordon 
Scannell, John T Burke (bv mutation), and Fnrrokh Saidi (bv invita 
tion), Boston, Mass 
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31. Valvuloplasty for Acquired Aortic Stenosis. Donald G. Mulder (by invi¬ 
tation), Albert A. Kattus (by invitation), and William P. Longmire, Jr., 
Los Angeles, Calif. 

32. Partial and Complete Aortic Valve Prostheses in Advanced Aortic Insuf¬ 
ficiency. Dwight E. Harken, Warren J. Taylor (by invitation), Harry S. 
SorofE (by invitation), Armand A. Lefemine (by invitation), Susliil 1C. 
Gupta (by invitation), and Steven Lunzer (by invitation), Boston, Mass. 

33. The Results of Surgical Treatment for Ventricular Septal Defect. John 
W. ICirklin, Dwight C. McGoon, and James W. DuShane (by invitation), 
Rochester, Minn. 

34. The Closure of Atrial Septal Defects Utilizing General Hypothermia: The 
Effectiveness of Treatment as Determined by Cardiac Catheterization. 
Andrew G. Morrow, Joseph W. Gilbert, Jr. (by invitation), R. Robinson 
Baker (by invitation), and N. Perryman Collins (by invitation), Bethesda, 
kid. 

35. Elective Cardiac Arrest Using Selective Cardiac Hypothermia. David M. 
Long, Jr. (by invitation), Laurence P. Sterns (by invitation), Vincent L. 
Gott (by invitation), Robert H. DeRiemer (by invitation), and C. Walton 
Lillehei, Minneapolis, Minn. 

36. Open Heart Surgery Using Deep Hypothermia Without an Oxygenator. 
Archer S. Gordon (bj' invitation), Bertrand W. Meyer, and John C. Jones, 
Los Angeles, Calif. 

Friday Afternoon, May IS, 1060 

Scientific Session: Regular Program 
Napoleon Room 

37. Clinical Experiences With Pifteen Patients With Traumatic Rupture of the 
Thoracic Aorta. Frank C. Spencer, Paul F. Guerin (by invitation), Hu A. 
Blake (by invitation), Washington, D. C., and Henry T. Bahnson, Baltimore, 
Md. 

38. Surgical Management of Penetrating Injuries of the Ascending Aorta and 
Aortic Arch. Walter L. Diveley, Rollin A. Daniel, Jr., and II. William 
Scott, Jr., Nashville, Tenn. 

39. Antibiotics and Extracorporeal Surgery. C. Frederick Kittle, and William 
A. Reed (by invitation), Kansas City, Ivans. 

40. Achalasia of the Esophagus in Children. Orvar Swenson, and Chris T. 
Oeconomopoulos (by invitation), Boston, Mass. 

41. Objective Evaluation of Surgery for Hiatus Hernia and Esophagitis. 
Lucius D. Hill, and Kyle W. Chapman (by invitation), Seattle, Wash. 

42. Instrumental Perforation of the Esophagus. Thomas F. Nealon, Jr., John 
Y. Templeton III, Vincent D. Cuddy (by invitation), and John II. Gibbon, 
Jr., Philadelphia, Pa. 


2:00 p.m. 


Ok CjniMml o^r 
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O r ig inal Co m in unications 


RADICAL LOBECTOMY 

William G. Caban, M.D.,* New York, N. Y. 

T his report defines a radical lobectomy as an operation in which one or 
two lobes of an entire lung are excised in a block dissection with certain of 
their regional hilar and mediastinal lymphatics. 

The technical steps and clinical implications of the procedure to be dis¬ 
cussed are based upon an experience with 48 radical lobectomies performed on 
the Thoracic Surgical Service of Memorial Center. 

TECHNIQUE 

In the description of the technique to follow, emphasis is placed upon the 
method of lymph node dissection The ligation and division of the tributary 
vessels and the bronchi to the various lobes arc not included. 

The first step of each radical lobectomy ideally proceeds from the most 
distal area of potential spread and works back toward the hilum and the tumor. 
However, this cannot always be achieved because adhesions and many other 
conditions in the thorax can obliterate clear anatomic planes. Instead of staid- 1 
ing with the lymphatic dissection it may be necessary to begin at the hilum of 
the lobes by entering their fissures and proceeding distally, or by using a 
combination of these techniques. Another technical variant may be indicated 
when the tumor invades chest wall. It may be difficult to approach the hilum 
until this extension or peripheral fixation is mobilized to rest free, attached to 
the lung. 

From the Thoracic Surgical Service. Memorial Center for Cancer and Allied Diseases. 
New York. 

Blade possible by the Albert Schweitzer Fund and contributions to the memory of Mr. 
Richard E. Blyers 

Received for publication Aug. 3, 1959. 

•Associate Attending Surgeon. Thoracic Surgical Service, Blemorial Center for Cancer 
and Allied Diseases. New York. N. Y.. and Assistant Professor of Clinical Surgery. Cornell 
University Bledlcal College, New York, N. Y. 
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To approach either lung, the patient is placed in a true lateral position. 
This is preferred to the supine or prone position, for it provides an optimum 
exposure for mediastinal lymph node dissection. The chest is entered through 
a long parascapular incision and the bed of the fifth or sixth rib. The path¬ 
ologic setting is assessed, and if a radical lobectomy seems indicated and feasible 
and the patient's general condition is satisfactory, the procedure is carried out. 

A Right Upper Lobe Radical Lobectomy (Fig. 1).—This procedure begins 
until the incision of the superior mediastinal pleura, from the apex of the chest 
to the azygos vein arch just anterior to the vagus nerve. Superiorly, a short 
horizontal limb is used to facilitate exposure of the subclavian artery and right 
recurrent laryngeal nerve. 



For the paratracheal dissection, the anterior pleural flap is elevated to the 
anterolateral surface of the superior vena cava, the phrenic nerve being dis¬ 
placed with it.* The posterior flap is mobilized as far as the vertebral bodies, 
leaving the vagus nerve iuico\ ered. These flaps are retracted by the weight of 
the hemostats fastened to sutures attached to their free edges. 

The azygos vein is transected between ties and ligatures, and the anterior 
limb lifted forward, thereby elevating the superior vena cava to some extent. 

‘Although there are lymph nodes lying in the penphienic areas as well as anterior to 
the superior vena cava and innominate t eins, these nodes nat e not been included, for they lie 
beyond the arbitrary limits of the dissection as suggested by the superior vena cat a. It was 
also thought that the route of lymphatic spread on the right side ttas predominantly para¬ 
tracheal and retrocaval to the jugulo-subclavian junction. 
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Tlie mcolai tissue is cleat ed laterally and postei loily fiom the superior vena 
cava fiom the ape\ of the chest to an atea just beneath the azvgos tern junction 
with it The uppei tlioiacic poition of the vagus neive is mobilized and the 
takeoff of the light leciment laryngeal bianeli is identified The tagus is 
transected just distal to that point This facilitates a cleaiet dissection of the 
paratraclical ateolar tissue 

The apex of the dissection is the inicnoi boidei of the subclavian artery 
vvheie a tongue of aieolai, node beaung tissue is isolated and divided 

Next, attention is dnected to the tiacliea The fine connectse tissue on its 
light lateial and antenoi sin faces is found to sepal ate leadily, allowing the 
whole packet of tissue antenoi to the tiacliea, including the aieolar tissue poste 
1101 to the tiacliea and on the esophagus, to be sivept downuaid off the innomi 
nate aiteiy and aortic aieli to the leiel of the pulmonaiv aiteiy This can usually 
be done with division of only a few small vessels This packet of tissue rep¬ 
resents the light paiatiacheal lymph node chain To maintain the intcgiity 
ot this block ot lymphatics, the dissection must be earned immediately adjacent 
to the huge vessels and the tiacliea ' Included in this dissection is the paitic 
uldilv important, constant, large node ot the azvgos arch lying just above the 
pulmonaiv aiteiv It is the one most ftecpientlj involved in cancers of the 
light uppei lobe This node is mobilized as the dense connective tissue supenoi 
to the pulmonaiv aiteiy and behind the supenoi vena cava is incised This 
paiatiacheal node packet remains attached to the lung by penbionchial lym 
pliatics and aieolai tissue As each packet ot nodes is mobilized, it should bo 
tacked to a convenient point on the visceial plema to keep them fiom obscunng 
the latei dissection 

An incision is then made in the intci lobai fissuio separating the uppei lobe 
liom the middle and lower lobes and canned down to the oiigm ot the right 
uppei lobe bionclms A gioup of nodes can be found smiounding the main 
stem bionchus The postcuoi nodes ot this gioup aie found neai the 
antenoi edge of the esophagus on the light On the left, they aie less fie 
quentlv found These ate dissected towaid the specimen 

Lymph nodes aie placed along the broncho aitonal tices of each lobe, and 
it is important to note that the pniicipal lymph node diaimng one lobe gioup 
may r lest against the bionchus of an adjacent lobe The continuation of the 
right main stem bionchus to form the middle and lower lobe bionclu (intei 
mediate bronchus) can be traced and it is usually feasible, and indeed 
of decided importance, to include the nodes that piesent themselves adjacent 
to these structuics These aie nodes that Borne desenbed as being in the 
“sump” position, 2 and usually lcpiosent the lovveimost site of spiead fiom 
light uppei lobe lesions The division of the uppei lobe bionchus can bo 
helpful in piovndmg a moie thoiough dissection of the letiocaval and pen- 
bionclual nodes 

•In onler to accelerate the direction of the email teasels In the mediastinum sllter 
brain clips (McKenzie) are used for hemostasis instead of ligatures 
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It is necessary, on occasion, in the treatment of lesions of the right upper 
lobe, to include the middle lobe as part of the block dissection. Such a bi¬ 
lobectomy is usually performed for the following three reasons: (1) when there 
is a partial to almost total symphj’sis of these two lobes, (2) when the tumor 
transgi’esses one lobe and is fixed to or invades the other, and (3) when it is 
thought that a more complete dissection of the “sump” area along the inter¬ 
mediate bronchus can be obtained. 




vj 



A Middle Lobe Radical Lobectomy .—It is improbable that the middle lobe 
would be removed by itself if cancer were suspected, except in the most unusual 
circumstances such as in very poor-risk patients. Tumors within it are almost 
always excised in combination with a right upper lobe radical lobectomy. To 
such a bi-lobectomy are added not only all the nodes in the “sump” area but 
as many as are available about the origin of the adjacent lower lobe bronchus 
as well. 
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At all times the indications for one operation or another are subject to 
flexibility and depend to a large extent upon the intrathoracic setting. For 
example, should the tumor extend between the middle and lower lobes, a lower 
lobe radical lobectomy on bloc w itli the middle lobe may be performed, leaving 
the right upper lobe intact. Houeter, the lymph node dissection of the upper 
mediastinal and paratracheal nodes, including the azygos node, may then be 
done separately 

A Right Lower Lobe Radical Lobectomy .—This dissection usually includes 
the middle lobe. It begins at the diaphragm, with a division between ligatures of 



the inferior pulmonary ligament 14 (Figs. 2 and 3). The esophagus is identified 
and the areolar and lymphatic tissue along its anterolateral sui'faee is elevated 
upward as far as the inferior pulmonary vein and tacked to the lower lobe. 
Steady, gentle traction on the lower lobe in an anterior direction will expose the 
subcarinal node packet. At this level, this will become more available if the 
esophagus is retracted sharply posteriorly. The inferior and medial edge of the 
subcarinal packet is usually easily dissected from the adjacent pericardium. It is 
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not believed necessary, as some authors advocate, 3 to excise routinely a poi*tion of 
the pericardium with this packet, for only the most filamentous areolar con¬ 
nective tissue lies between this lymph node group and the pericardium. By 
entering the plane adjacent to the posterior edges of the left or contralateral 
bronchial cartilages, simple and practically avascular mobilization of this nodal 
packet is effected. 

Dissection is then carried to the main-stem bronchus, exposing its posterior 
surface. The origin of the right upper lobe bronchus is identified and the 
nodes are taken from the intermediate bronchus and reflected toward the 
specimen. After identifying the right middle and lower lobe bronchi, their 
transection at this time will permit the inclusion of the more cryptically placed 
nodes about the origin of the right middle lobe bronchus. The division of the 
tributary arteries and veins to these two lobes can then be made. 



L^ft upper lobe* 


Fig 4 -—Left upper radical lobectomy Interrupted line marks limits of dissection Note 
inclusion of interbronchial lymph node (“sump” position) between upper and lowet lobe 
bronchi Subcarmal nodes iemo\ed as a sepaiate packet 

A Left Upper Lobe Radical Lobectomy (Pig. 4).—Incision is made into 
the mediastinal pleura, beginning at the apex of the chest and proceeding along 
the vagus nerve to the arch of the aorta. Its posterior limb follows the aortic 
arch to the level of the bronchus. Its anterior limb extends 1 to 2 cm. anterior 
to, and inferiorly along, the course of the phrenic nerve to the inferior pul¬ 
monary ligament to join the posterior incision. 

Flaps are elevated and retracted. The phrenic nerve is fully liberated 
throughout most of its upper mediastinal course so that it may be retracted 
anteriorly and posteriorly by a Penrose drain as the dissection Avarrants. 

The apex of the anterior mediastinal dissection is at the under surface 
of the left innominate vein at a point where it crosses the left subclavian artery. 
The areolar, node-bearing tissue is dissected off the A'ein, and seA r cral small 
branches must be separately identified and dmded. The dissection proceeds 
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antenoi]} beneath the innominate \ein as fai as its entiance into tlie snpenoi 
vena caia, dividing the highest inteicostal and the tlivnuc branches along the 
nav This is the anteiioi limit ot the dissection 

The postenoi limit of the dissection is the subclavian alter} The packet 
of tissue is swept down off the subclanan, common caiotid, and innominate 
ai tones and the aortic aicli The lagus nenc is caiefullj cleaned and, in pai 
ticulai, the laige hmpli node piesent in the space between tlie common carotid 
and subclavian ai tones is included in the specimen 

Beneath the aortic aicli, the node of the ligamentum aitenosum* and that 
of the loop of the left leeunent none aic fieed Lying between tlie supenoi 
boidei of the pulmonai\ aitm and the antenoi smface of the left mam 
bronchus and extending beneath the aoita is a packet of nodes which must be 
dissected down towaid the specimen All of these me included with the 
pienousli dissected mediastinal packet of tissue and tacked onto the lung 
sin face 

The fissuie between the uppei and lower lobes is then dmded and an 
appioaeh made to the lnlum The incision made into the Msceral plcuia is 
curved antciioih and postenoih to meet the incision made previous!-! m the 
mediastinal plana Starting with the bionchtis to the left lowei lobe, the 
important hmph nodes that aie icadih available m the “sump” position aie 
swept upwaid between the lowei lobe bionchtis and its conesponding alter} up 
to the take off of the uppei lobe bionchus This last stiuctiuc is isolated while 
dissecting the hmphatics towaul the lung substance B} division of the arteiv 
to the left uppei lobe, the dissection of nodes fiom the supenoi boidei of the 
left main stem bionclms is facilitated and all these me included with those fiom 
the subaortic and antenoi mediastinal dissections The snbcminal nodes me 
occasional!-! included as a sepmate packet This piactiee becomes moie loutmc 
in light ot the piesence of metastascs within them oil seveial occasions 

A Left Louei Lobe Fnchcal Lobectomy (Tigs 5 and 6)—This pioceduie 
is sinnlai to that on the light, including the pie esophageal, subcannal, and 
the penbionchial nodes ( ‘sump” position) located along the left mam stem 
bionchus and immediateh available aiound the left upper lobe bionclms As 
on the light side, the left plnenie none is optionally crushed if a lowei lobe 
is lemoved The lmgulm portion of the left uppei lobe is not included although, 
as has been noted, the light middle lobe is taken as part of a light lowei lobe 
ladical lobectomv 

Mam patients who have a ladical lobectomj poifoimed me actual oi 
potential pulmonai'} cupples, so that cveiv effort is made to pie wait com 
pensatort emphvsema of the lowei lobes when an uppei lobe lobectomv is 
peifonned The space picviouslv occupied In the uppei lobes has been filled 
ns follows the pmetal pleuia occupying the dome and walls of the tlioiax 
is mobilised In cxtiaplcuial dissection so that it collapses on the supenoi 
smface of the lowei lobe An Ivalon sponge is then inserted in this cxtiaplcuial 
space, after it has been autoclaved m saline, tmloied to size and shape, and 

•The llMunentum nrteriosum his lieen divided In some Instances to permit a more 
thorough node dissection beneath tlie arch of the aorta. 
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rinsed in 200 to 300 c.e. of a saline solution containing one million units of 
penicillin and one gram of streptomycin. Under-water drainage tubes are 
inserted separately, both into the pleural cavity and into this extrapleural 
space. The drainage of the pleural cavity is ended about the third or fourth 
day, and the extrapleural space about a day or two later. The extrapleural 
insertion of these Ivalon sponges has been performed in 8 instances without 
any morbidity or mortality. The longest period that one has been in place is 
7 years (Fig. 7). 



^6 f:—Left lower lobe radical lobectomy (anterior view). Interrupted line indicates 
limits or dissection. Note inclusion of the intei'bronchial node ("sump” position) as well as 
the subcarinal paraesophageal groups. 


With the same principle in mind, there is the option of crushing the 
phrenic nerve after the excision of the middle and lower lobes. This causes 
an elevation of the leaf of the diaphragm which will fill to a large extent the 
space left by the lobectomies. The virtue of this, in preventing excessive 
compensatory emphysema of the right upper lobe as well as reducing dead 
space, must be balanced against the paradoxical respirations and attendant 
mediastinal swing that will occur. 


INDICATIONS 

In the following discussion it must be assumed that the pulmonary lesion 
is apparently contained within the confines of a lobe so that the transection 
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o£ tlie lobar bronchus and vessels will provide a reasonable margin of uninvolvcd 
tissue. Such a determination can, in part, be made preoperatively by broncho- 
scopic visualization of the major bronchi. At the time of thoracotomy, palpation 
and limited dissection about the liiluin will also help to decide the feasibility 
of a lobectomy. At best this is only a gross estimate of tumor boundaries and 
and can often be clouded by adjacent inflammation, fibrosis, and healed calcified 
tuberculous lymph nodes 



Pig C —Left lower lobe radical lobectomy (posterior view). 


There are two major indications for a radical lobectomy. These arc for 
the treatment of (1) a primary cancer of the lung under certain circumstances, 
and (2) a lung tumor the nature of which is ambiguous. 

Primary Cancer of tlie Lung .—The most important indication is for the 
excision of a peripherally placed cancer of the lung in a patient who, it is 
deemed, cannot withstand a radical pneumonectomy. The interpretation of 
what is ordinarily called “a poor-risk patient” varies from institution to in¬ 
stitution and surgeon to surgeon. It is necessarily a flexible term because it is 
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an appraisal of risk based upon not only fairly general measurements, but also 
subject to re-interpretation in tbe operating room. In other words, the patient 
who may be considered a good operative risk from the point of view of cardio¬ 
respiratory physiology may on occasion demonstrate bizarre physiologic re¬ 
sponses to endotracheal intubation and the opening of his chest which would 
tend to modify the extent of the contemplated procedure. At this institution, 
reliance is placed upon a few arbitrary preoperative findings which might, 
either by themselves or in association with other abnormalities, influence the 
magnitude of the operation. For the most part, patients have been 75 years and 
over. They may have evidence of marked emphysema both by physical exam- 



Hr- -Postoperatne roentgenogram of patient in Fig. 8 showing Ivalon sponge in right 
upper retropleural space and McKenzie clips in place along the paratracheal area Note how 
little tracheal shift or diaphragmatic 1 lse has occurred after a right upper and middle lobe 
radical lobectomy. 

ination and maximum breathing capacity estimates, or they may have extensive 
myocardial disease. One condition that carries great weight in influencing 
decision in this regard is the history and finding of bronchial asthma. 

We do not at present elect to do a radical lobectomy for cancer of the 
lung as the treatment of choice. However, there is suggestive evidence that a 
right upper lobe radical lobectomy might become the preferred procedure for 
cancers grossly confined to the right upper lobe. Even now, some surgeons 9 ’ 11 
choose a simple lobectomy for these peripherally placed cancers, regardless of 
the clinical condition of the patient. Their experience will provide a base line 
of comparison for the value of adding the more extensive lymph node dissection. 
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Theoietieallv, a indical lobectonij might bo less advantageous foi pnmary 
lung cancers in the right middle and light loivet lobes, for the usual lymphatic 
cuiients would tend to favoi nietastascs at locations beyond the usual limits of 
a block dissection of a light middle and louci lobe iadic.il lobectomy (although 
these may be excised as a sepaiate specimen) The same is true foi cancel's 
m the left louei lobe line the possibility of metastnses extending Hist to the 
subcaimal and then contialateiallj to the unavailable light paiatracheal lymph 
nodes makes a moic complete block extirpation difficult Lesions m the left 
uppei lobe (paiticulailv the supenoi portion) might have a moie favoialile 
outlook than those m the left Iovvei lobe because then lvmpli node metastases 
tend to lemain ipsilatoial Ilovvevei, thev too have a tendency to extend to the 
lvmpli nodes in the light by waj of the subcnnnal and anterior mediastinal 
channels 

A Lung Tumoi Whose Natute is Ambiguous —Theie aie 2 clinical settings 
m which ambiguitv suiiounds the natuic of a lung tumoi (a) A cancel 
pnmaij at another site is associated with a solitary lung shadow This lung 
shadow may lopiesent eithei a sepaiate pnmary lung cancel oi a solitary 
metastasis 6 (b) A mass m the lung lesembles cancel, but the diagnosis cannot 
be established with absolute finality, citliei bcfoie oi dining the opeiation 

a In our experience, wo have been impiesscd bj the frequency with which 
multiple cancels, one of which is pnmaiv in the lung, have coexisted At 
Jlcmonal Centei we have collected 165 such cases In the same period of time 
(1926 to 1958), theie have been 46 solitarv metastases lemoved It is not safe, 
theiefoie, to presume that a solitaiv lung shadow, either synclnonous oi 
metachronous with a cancel elsewlieie in the body, is a metastasis In fact, 
these figuies suggest that it might be 4 to 1 m favoi of its being a sepaiate 
pnmaiv cancel * In eitliu event, whctliei sepaiate pnmary oi metastasis, we 
know that local lymphatic extension can occm This does not need documenta 
tion in the case of pnmarj cancel of the lung, but in 9 metastases to the lung 
removed by ladical lobectomv, tlicie wcic 6 instances in which dauglitei 
metastases existed in the lnlai and mediastinal lvmphatics (Table I) In otlici 
woids, a metastasis fiom anothei site deposited within the lung paienchymi 
can behave as if it had its ongm theie and its nictastcscs can m turn piocecd 
by lvmpliatic oi venous loutes 

b As is so often the case, an aiea of inflammation will ficquentlj be picsent 
in association with cancel of the lung This condition usuallj follows an 
obstruction of one of the bronchioles, which can pioducc distal atelectasis, 
pneumonia, and abscesses It is not aluajs possible, by pieopeiative cytologic 
studies or bj biopsy at the time of thoiacotomv, to obtain a diagnosis eithei 
of a benign oi a malignant piocess In otliei woids, it is not mfiequent at 


•In article The Amblguitj of a Solitary Lung: Shadow In the Presence of a Primary 
Cancer Elsewhere m Medical Science October 1958 a rule of thumb was ei\en as an aid for 
the diagnostic dilemma If the patient has a squamous carcinoma elsewhere In the bod\ 
the lune lesion is usuallj a separate primary and piedomlnantlj a squamous carcinoma as 
well If the patient has a soft part or skeletal sarcoma or melanoma elsewhere the solitarj 
lung lesion is almost aluajs a metastasis from these if there is an adenocarcinoma else 
where there is about a 50 per cent chance of the solitarj shadow belnjr a pnmarj lung- can 
cer This probabilitj may be higher If there is a ljmplioma piesent 
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Table I. Metastases to Lung 


Number of cases 9 

Positive extrapulmonic nodes 

Adenocarcinoma, breast 2 

Adenocarcinoma, rectum 1 

Teratocarcinoma, ovary 1 

Osteogenic sarcoma, femur 1 

Clear cell carcinoma, kidney 1 

g" 

Negative extrapulmonic nodes 

Fibrosarcoma, tliigli - 3 

Melanoma, skin of axilla 1 

Rhabdomyosarcoma, thigh 1 

T 


tlie time of exploi'atory thoracotomy that repeated biopsies and frozen section 
analysis of suspicions lung areas can be reported as showing chronic inflamma¬ 
tion. This leaves in doubt whether these sections are truly representative, or 
whether there is a more cryptically placed cancer.* In this equivocal setting 
it is probably wisest to assume cancer to be present.! As a compromise, 
therefore, a radical lobectomy is performed. This operation, while fulfilling 
the desirability of removing the tumefaction in the lung and many of its 
regional lymphatics, does not subject the patient to the increased hazard of 
a pneumonectomy. 


results 

I There were 48 radical lobectomies performed in the 7-year period from 
March, 1951, to March, 1958. The first was performed in March, 1951. The pa¬ 
tient, a woman, had had an adenocarcinoma of the rectum removed 9 years pre¬ 
viously, and a solitary shadow appeared in the left upper lobe. She underwent 
a left upper lobe radical lobectomy and the pathologic report showed a “meta¬ 
static adenocarcinoma consistent with rectal origin. ” There were two positive 
mediastinal lymph nodes found in the supra-aoidic packet (anterior mediastinal 
chain) that was part of the dissection. The patient is without evidence of 
disease 8 years and 4 months later (July, 1959). 

In this series there were no postoperative complications other than those 
which caused 5 postoperative deaths: one from gastrointestinal hemorrhage, 
one caused by overwhelming infection, another by a myocardial infarct, a 
fourth by hemorrhage in the operating room with cardiac failure, and one from 
an undetermined cause. This last occurred in a woman who had had a right 


There may be some question as to the advisability of a biopsy by aspiration or incision 
or a suspected lung tumor. This applies also to the excision of individual lymph nodes from 
the mediastinum. Spjut found malignant cells in pleural cavity washings of 13 of 28 patients 
who had lobectomy, pneumonectomy, or exploratory thoracotomy along with excision of tis- 
sue for frozen section. Only 3 positive washings were obtained from 21 patients who had re¬ 
section not preceded by biopsy. Although such free-floating cells are of apparently frequent 
occurrence, it is unusual to find new actual implants that could be directly attributed to them. 
However, one wonders if the manipulation and traumatization attendant upon these biopsies 
does not promote hematogenous dissemination. In addition, if the suspected lesion is active 
tuberculosis, incisional biopsy can cause spillage of the tubercle bacilli into the pleura. 

fJust ^Jeslon r ^ rno ^ ed by wedge excision and appearing grossly and by frozen 

section as a tuberculoma v as found on paraffin section to have terminal bronchiolar carcinoma 
at its periphery. This nnding of cancer in juxtaposition with healed tuberculosis is not uncom¬ 
mon. 
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middle and uppei lobe radical lobectomy performed m July, 1954, for an 
adenoeaicmoma of the lung, and the last operation Mas a left uppei radical 
lobe lobectomy in December, 1955, for terminal bronchiolar eaieinoma which 
was piobably a separate primary cancer 

This mortality late is kigb There is no reason, however, to attribute any 
of the deaths to the more elaborate lymphatic dissection, a contention that is 
supported by the fact that theie have been no postopeiative complications or 
moitahty in the last 13 radical lobectomy patients Over one half of these 
opeiations were peiformed by the surgical lesidents under superusion as one 
of tlieir earliest thoiacic procedures 

Primary Lung Cancer —There Mere tlmtyfoui pumary lung cancels re 
moved The histologic types most commonly found (Table IX) were present, 
except oat cell carcinoma In this group, 11 had lvmpli nodes containing cancer 
beyond the limits of a simple lobectomv 


Tablf II Priiiatv Lunc Cancer 


Number of cases 


34 

Contents of lympli nodes not mentioned 


o 

Determinable cases 


32 

Positive extrapulmonic nodes 

Epidermoid 

3 • 


Terminal bronchiolar 

4 


Anaplastic 

1 


Adenosquamous 

1 


Adenocarcinoma 

2 

34% 


31/32 = 

A rqaUic extrapulmomc nodes 

Epidermoid 

7 


Terminal bronchiolar 

5 


Adenocarcinoma 

4 


AIuco epidermoid 

3 


Anaplastic 

1 


Pleomorphic reticulum 

cell sarcoma 

1 



21/32 = 

06% 


Fne or more years ago, 4 patients mtli pnmarv lung cancel had a radical 
lobectomy (Table III) Two of these had negative lular and mediastinal lymph 
nodes One died 27 days postoperatn ely of a myocardial infarct, and the other 
is alive and well having had a teimmal btoncliioln carcinoma of the right 
lower lobe Two patients had positive extiapidmonic lvmph nodes, one, who 
is alive and well 7 years later, had an adenosquamous eaicmoma of the right 
upper lobe, one died of disease 13 months postopeiativelv 

Thiee to 5 years ago, 18 patients vveie operated upon In this gioup 
there were 5 patients who had extrapulmonic lvmph nodes containing metas 
stases Of these 5, 2 died postoperatively, 2 died of disease 18 and 26 months 
post operatively, and one was without evidence of disease and lost to follow'-iip 
12 months postopeiatively Eleven patients had negative hilar and mediastinal 
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Table III. 5-Year Survivals of Patients After Radical Lobectomy for Cancer 


Patients operated on 5 or more years ago 8 

Primary lung cancer 4 

Metastases to lung 4 

Patients with positive mediastinal nodes 5 

Alive and well, 5 or more years 3 


Conditions of 5-year survivors with positive mediastinal nodes: 
1 primary adenosquamous carcinoma of lung 
1 metastatic rectal carcinoma 
1 metastatic teratocarcinoma of ovary 
1 osteogenic sarcoma (died of disease 7 years 
after radical lobectomy) 

Patients with negative mediastinal nodes 2 

Died postoperatively 1 

No evidence of disease 1 


lymph nodes. Six of these are alive and well 3 to 5 years later. Three died 
of disease IT, 24, and 30 months postoperatively; one died 23 days postoper¬ 
atively. In 2 patients the state of the mediastinal lymph nodes was not men¬ 
tioned. One of these patients died of disease 6 months postoperatively, and 
the other was alive and well over 3 years later. 

Metastases .—Of the forty-eight radical lobectomies, nine were performed 
for metastases to the lung. There was no postoperative morbidity or mortality- 
in this group. The sites of origin are shown in Table I. 

| Of these 9 patients, 6 had hilar and mediastinal lymph nodes containing 
■cancer beyond the limits of excision of a simple lobectomy. 

Five or more years ago, 4 patients in this group had excision of metastases 
to the lung (Table ITI). Three of them had positive mediastinal lymph nodes. 
These included metastases from rectal cancer, a teratocarcinoma of the ovary 
(Fig. 8), and 1 osteogenic sarcoma. The first 2 are alive and well, and the 
third died of disease 7 years after radical lobectomy. The one patient who 
had negative mediastinal lymph nodes in the radical lobectomy specimen had 
a melanoma metastasis and will be described below. 

In the period 3 to 5 years ago, 1 patient with a pulmonary metastasis had 
a radical lobectomy. This metastasis was from a renal carcinoma, and daughter 
metastases in the mediastinal lymph nodes were found. The patient died 6 
months later of cerebral metastases. 

Position of Tumor .—In the group of primary lung cancel's, there were 
four in the right upper lobe, four in the right middle and lower lobe, and 
three in the left upper lobe. 

In the group of metastases to the lung with postive extrapulmonic lymph 
nodes, there were three deposits in the right upper lobe, one in the left upper 
lobe, one in the right lower lobe, and one in the left lower lobe. 

Multiple Primaries .—There were six double primary cancel’s, one of which 
was of the lung. Other sites included: 2 tongue, 2 breast, 1 larynx, and 1 lung. 
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Benign Conditions .—There were five radical lobectomies performed for 
tumor-liko lung conditions that subsequently proved to bo benign. These in¬ 
cluded 4 chronic pneumonias with atelectasis and/or abscess, and 1 lipoid 
pneumonia. 

There were no complications or mortalities in this series. 

COMMENT 

In reviewing the results that have been listed in the previous section, it 
can be seen in Tables I and II that of 41 patients operated on either for primary 



Fig 8.—Roentgenogram showing metastatic teratocarcinoma of ovary in right upper lobe. 
Patient had right upper and middle lobe radical lobectomy. The specimen contained a daughter 
metastasis in the azygos vein node. Patient is without evidence of disease 8 years later. 

or metastatic cancer to lung by means of a radical lobectomy, 17 (or about 42 
per cent) had metastatic hilar and/or mediastinal lynipli nodes when these were 
analyzed. In other words, 42 per cent had more cancer removed by a radical 
lobectomy than would have been removed had a simple lobectomy been per¬ 
formed. 

Of these 17 patients with positive cxtrapulmonic lymph nodes, 8 were 
operated on 5 or more years ago, and 3 are alive without evidence of disease 
at this time. In these individuals, at any rate, it is quite probable that they 
owe their prolonged survival to the inclusion of these extrapulmonic lymph 
nodes, although there may have been contributory factors which are hard to 
analyze and document, such as host resistance. This term, host resistance, is an 
all-embracing one and may prove to possess several components. It attempts 
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Table III. 5-Year Survivals of Patients After Radical Lobectomy for Cancer 


Patients operated on S or more years ago 8 

Primary lung cancer 4 

Metastases to lung 4 

Patients with positive mediastinal nodes 5 

Alive and well, 5 or more years 3 


Conditions of 5-year survivors with positive mediastinal nodes: 
1 primary adenosquamous carcinoma of lung 
1 metastatic rectal carcinoma 
1 metastatic teratoearcinoma of ovary 
1 osteogenic sarcoma (died of disease 7 years 
after radical lobectomy) 

Patients with negative mediastinal nodes 2 

Died postoperatively 1 

No evidence of disease 1 


lymph nodes. Six of these are alive and well 3 to 5 years later. Three died 
of disease 17, 24, and 30 months postoperatively; one died 23 days postoper¬ 
atively. In 2 patients the state of the mediastinal lymph nodes was not men¬ 
tioned. One of these patients died of disease 6 months postoperatively, and 
the other was alive and well over 3 yeai*s later. 

Metastases .—Of the forty-eight radical lobectomies, nine were performed 
for metastases to the lung. There was no postoperative morbidity or mortality 
in this group. The sites of origin are shown in Table I. 

Of these 9 patients, 6 had hilar and mediastinal lymph nodes containing 
cancer beyond the limits of excision of a simple lobectomy. 

Five or more years ago, 4 patients in this group had excision of metastases 
to the lung (Table III). Three of them had positive mediastinal lymph nodes. 
These included metastases from rectal cancer, a teratoearcinoma of the ovary 
(Fig. 8), and 1 osteogenic sarcoma. The first 2 are alive and well, and the 
third died of disease 7 years after radical lobectomy. The one patient who 
had negative mediastinal lymph nodes in the radical lobectomy specimen had 
a melanoma metastasis and will be described below. 

In the period 3 to 5 years ago, 1 patient with a pulmonary metastasis had 
a radical lobectomy. This metastasis was from a renal carcinoma, and daughter 
metastases in the mediastinal lymph nodes were found. The patient died 6 
months later of cerebral metastases. 

Position of Tumor .—In the group of primary lung cancers, there were 
four in the right upper lobe, four in the right middle and lower lobe, and 
three in the left upper lobe. 

In the group of metastases to the lung with postive extrapulmonic lymph 
nodes, there were three deposits in the right upper lobe, one in the left upper 
lobe, one in the right lower lobe, and one in the left lower lobe. 

Multiple Primaries .—There were six double primary cancers, one of which 
was of the lung. Other sites included: 2 tongue, 2 breast, 1 larynx, and 1 lung. 
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Just what extra chance for survival is afforded hy the inclusion of the 
lymph nodes as part of a radical lobectomy or radical pneumonectomy is 
difficult to determine at present because of the limited number of procedures 
performed. The same is true in defining prognosis derived from the pathologic 
material alone. 

Although a tentative attitude is necessary at this time, one fact seems to ' 
be evident: each case is a law unto its'elf, and survival probably is the result 
of the interplay of various pathologic states with the intangible forces of host 
resistance. It is therefore unwise to permit a single, isolated clinical or path¬ 
ologic feature (for example, the threat of blood vessel invasion or the finding 
of a single mediastinal lymph node positive for cancer) so to dominate the 
picture that all aggression ceases. Instead, it would seem wiser to advocate 
an operation that attempts to eradicate most of the tangible elements in lung 
cancer, thus leaving less to chance. To our mind, a radical pneumonectomy 
and a radical lobectomy best fulfill this purpose. 

SUMMARY 

1. A radical lobectomy can he defined as an operation in which one or 
two lobes of an entire lung are excised in a block dissection with certain of their 
regional hilar and mediastinal lymphatics. This is to be distinguished from 
a simple lobectomy, which is an operation restricted to a lobe or lobes alone. 

2. The pathologic rationale for including the hilar and mediastinal lymph 
nodes in either a radical lobectomy or a radical pneumonectomy is the finding 
based upon autopsy material that the lymph nodes are the most frequent sites 
of metastases from cancer of the lung. This fact is further confirmed by 
studies of lymph node specimens removed by these operations, at which time 
it was noted that metastases were present in them regardless of size, position, 
and histologic type of the primary tumor. In addition, autopsies on patients 
who had only a simple pneumonectomy or lobectomy for lung cancer revealed 
that there was recurrence in the ipsilatcral mediastinal lymph nodes in 28 and 
21 per cent, respectively. 

3. The technique for removing each lobe ivith its regional lymphatics is 
described and diagrammed. 

4. There are two major indications for a radical lobectomy. It is used to 
excise (a) a peripherally placed primary cancer of the lnng for those who 
cannot tolerate a radical pneumonectomy, and (b) a lung tumor whose nature 
is ambiguous by reason of its association with a primary cancer at another site. 

It is also used for those tumefactions whose nature remains equivocal even at 
operation. 

5. Results from 48 radical lobectomies, from 1951 to 1958, are listed. These 
were performed for 34 primary lung cancers, 9 metastases to the lung, and 5 
benign, tumor-like conditions. 

C. In those patients who had a radical lobectomy either for a primary 
cancer or a metastasis to the lung, 41.5 per cent had hilar and mediastinal 
lymph node metastases. 
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7. Eight patients were operated on 5 or more years ago, and 5 had positive 
mediastinal lymph nodes. Three of these are alive and well without evidence 
of disease. 

8. The survival for 5 or more years of those who had excision of cancer- 
containing hilar and mediastinal lymph nodes is attributed in large part to 
the more extensive lymphatic dissection associated with a radical lobectomy. 

9. It is believed that the careful study of excised hilar and mediastinal 
lymph nodes as part of a radical lobectomy or pneumonectomy provides a valu¬ 
able basis for prognosis. The pathologic study of these lymph nodes, together 
with the knowledge of the histology of the primary cancer and evidence of 
blood vessel invasion by tumor are three essential aids in forecasting survival. 

Grateful acknowledgment is made to Mrs. Phyllis Pearce Atkinson for her many 
suggestions and help in compiling this manuscript. 
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PROGNOSTIC FACTORS AND RESULTS OF TREATMENT 
IN PYOGENIC PULMONARY ABSCESS 

Mima) N Andeisen, AID * and Kblai E McDonald, AID, Buffalo, N Y 


T here is little doubt that tlie advent of antibiotics lias signtficanth affected 
the incidence and results of tlieiapy of pulmonary abscess as uell as other 
types of pulmonan infection Acute bicteiial pneumonitis is less common 
and its course is often aborted so that the seeondaiy complications of empyema 
and abscess develop less frequently Hovvevci, ceitam patients fail to respond 
uell to antibiotics and suffei a fatal outcome, others achieve resolution of the 
acute inflammatory pioecss but aie left uith lesidual lesions necessitating opeia 
tion to accomplish complete euie 

In oidei to examine more caiefully this changing pictmc and to isolate, 
if possible, prognostic factois which would be useful m piedictmg the couise 
of therapy, all patients uitli pulmonary abscess admitted to tins hospital dmmg 
the 10 year period pnor to Jan 1, 1959, weic revicuod 


MATFRIAL, 


Duiing this penod 90 cases of primary pyogenic pulmonaiy abscess were 
treated Abscesses seeondaiy to other conditions, such as carcinoma, pulmonaiy 
cysts, oi tuberculosis, were excluded 

Most patients ucie from a low economic stiatum oi weic indigents, and 
the proportion of eldcily patients was high (Table I) Sixty pel cent of the 
patients weie over 50 years of age and ovei 35 pci cent were over GO years of 
age There uas a high incidence of significant associated disease which was of 
considerable import, both in leading to the development of abscess and in ag 
giavatmg the couise of the disease, frequently contributing to a fatal outcome 
Only a few patients were young and m good gcncial health, factors which 
arc lefiected m the accumulated lemits 


The anatomic distubution of these lesions did not varv significantly irom 
that in otliei leports, and the usual predominance in the right lung and in the 
uppei portions of each lung was again noted This distribution is most lcaddy 
explained on the basis of aspiration although m only 9 esses (10 per cent) was 
there a historv which clcaily suggested aspnation 
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Table I. Age Distribution 


YEARS 

j NUMBER 

0- 9 

2 

10-19 

0 

20-29 

6 

30-39 

10 

40-49 

18 

50-59 

22 

60-69 

19 

70-79 

11 

S0-89 

2 

Total 

90 


ETIOLOGY 

Poor oral hygiene has been frequently incriminated as an etiologic factor. 
In this group of patients, 63 had definitely carious teeth, 16 patients had teeth 
in good repair, and 11 were edentulous. 

Twenty cases followed an episode of acute bacterial pneumonitis, 5 being 
pneumococcal in origin. 

In 9 eases there was a probable source of aspiration. Pour patients had 
had preceding dental extractions, 2 had had tonsillectomies, 2 had had acute 
alcoholic bouts until stupor and emesis, and 1 patient had had a severe purulent 
sinusitis. 

Pour patients had had a preceding cerebrovascular accident with coma and 
4 had chronic epilepsy, conditions which may well have predisposed to aspira¬ 
tion, although a definite history could not be elicited. 

THERAPY 

All patients had essentially similar initial medical therapy. In general, 
this consisted of appropriate antibiotics, postural drainage, and supportive 
measures. Bronchoscopy was performed in most cases, both diagnostically and 
therapeutically. Removal of bronchial plugs and associated forceful coughing 
following bronchoscopy frequently resulted in prompt evacuation of filled cavi¬ 
ties, contributing to more rapid resolution of the acute inflammatory reaction. 

X-ray studies were made at intervals and, as long as resolution of the in¬ 
flammatory process progressed and the size of the cavity diminished, the medical 
program w r as maintained. Operation was considered whenever progress seemed 
to have become arrested or if there was residual cavitation after resolution of 
the acute inflammatory process. In 8 cases, the abscess was drained early in 
the patient’s course, usually because of cavities which did not empty well or 
because of overwhelming toxic reaction. 

RESULTS 

Since all patients received similar initial therapy, the results of medical 
treatment can be divided conveniently into three categories based on the re¬ 
sponse to medical treatment. In the first group are the patients who achieved 
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a satisfactory result with medical therapy alone, with subsidence of inflamma¬ 
tory reaction and closure of cavities. In the second group are those patients 
who died while receiving medical therapy. In the third group are those in 
whom surgery was required to accomplish cure. The last group, of course, 
represents a large measure of medical success, since patients coming to resection 
have ordinarily obtained a subsidence of inflammatory reaction and operation 
is performed for control of residual lesions, particularly open cavities. 

According to this classification (Table II), only 32 patients of 90 achieved 
a satisfactory result on medical therapy alone. 


Table Et. Results 


Patients treated medically: 


(35%) 

1. Satisfactory 

32 

2. Fatal 

21 

(23%) 

a Due to abscess 

11 


b Due to associated disease 

10 


Patients requiring operation 

3S 

(42%) 


Twenty-one patients died while undergoing medical therapy. Analysis of 
the causes of death in these cases revealed two important factors: the patient’s 
age and concomitant disease. Table III illustrates the comparative age of pa¬ 
tients who died and those who survived. There was a striking increase in mor¬ 
tality i-ate in elderly patients and in children; only 4 of 13 patients over 70 
years of age and neither of the children (aged 2 and 4 years) survived. 


Table m. Relation or Ace to Result 



MEDICALLY 

TREATED 

SURGICALLY TREATED 

ACE IN YEARS 

SATISFACTORY [ 

FATAL 

0 9 

0 

2 

0 

10 19 

0 

0 

1 

20 29 

3 

1 

1 

30 39 

5 

1 

4 

40 40 

5 

0 

11 

50 59 

11 

o 

11 

GO G9 

G 

0 

7 

70 79 

2 

7 

2 

80 + 

0 

o 

0 


In 11 of these 21 patients (12 per cent of the total number of 90), death 
was thought to be due primarily to the pulmonary abscess. Tluee patients died 
of direct complications, one death resulting from massive hemorrhage and two 
from acute perforation with bronchopleural fistula and empyema. Bight pa¬ 
tients died as a result of uncontrolled infection; the ages of these patients wore 
76, 72, 80, 77, 88, 38, 63, and 57 years, emphasizing the effect of age. 

In 10 patients death was thought due primarily to other causes: 4 patients 
died with cerebrovascular accidents, 2 patients had multiple systemic abscesses 
including cerebral abscesses which were thought to he the principal cause of 
death, 1 patient died in cardiac failure, 1 u-ith enterocolitis, and 1 with massive 
gastrointestinal bleeding. 
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Tliirty-eiglit patients required surgical treatment, 31 having resection of 
residual lesions and 7 having drainage of the abscess, usually in an attempt to 
control overwhelming infection. Four patients died of surgical complications 
following resection and 4 died of unremitting infection following drainage. 

PROGNOSTIC FACTORS 

Duration of Symptoms (Table IV).—The highest incidence of successful 
treatment with medical therapy alone was found in the group of patients who 
had symptoms less than 4 weeks prior to admission to the hospital. Over two 
thirds of the patients with symptoms present longer than 8 weeks prior to ad¬ 
mission eventually required surgical treatment. No correlation could he estab¬ 
lished between the duration of symptoms and the likelihood of death. 


Table IV. Duration of Symptoms* 


WEEKS 

I SURGICAL treatment I 

MEDICAL TREATMENT 

0- 4 

7 

2G 

4- S 

4 

9 

8-12 

13 

3 

12 + 

8 

r> 


*Only patients giving an accurate history are tabulated. 


Bacteriologic Studies .—The distribution of organisms identified in the 
putum of each group is shown in Table V. The most commonly identified 
oi'tms were Staphylococcus aureus and Streptococcus virklans. There was 
t scattered distribution among a number of types, each of which occurred in 
relatively small numbers. The most striking finding was in the group of 
staphylococcal infections, only 20 per cent of the patients obtained a good result 
by medical therapy alone, the remainder either requiring operation or suc¬ 
cumbing to infection. 


Table V. Bacteriologic Etiology* 



MEDICALLY 

SATISFACTORY 

TREATED 

FATAL 

SURGICALLY 

TREATED 

Staphylococcus aureus 

6 

9 

15 

Streptococcus viridans 

18 

G 

17 

Escherichia coli 

5 

G 

3 

Hemophilus influenzae 

3 

2 

3 

Pneumococcus 

2 

4 

0 

Anaerobic streptococcus 

1 

0 

2 

Enterococcus 

2 

0 

1 

Pyoeyaneus 

0 

0 

1 


*In many cases more than one organism was present on repeated culture. 


Location of Abscesses .—The location of abscesses in relation to prognosis is 
given in Table VI. Lower lobe cavities appeared to be appreciably more re¬ 
sistant to medical therapy. Less than 20 per cent of this group obtained a 
satisfactory result with medical therapy alone; approximately one half of these 
patients eventually required operation and an additional 30 per cent died while 
on medical therapy. 
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Table VI. Location of Abscesses 



MEDIC ALIA 

TREATED ! 

SURGICALLY TREATED 

SATISFACTORY | 

t ATAL 

Upper lobe 

oo 

10 

21 

Middle-lingula 

3 

1 

0 

Lower lobe 

7 

10 

1G 


Size of Cavity .—The relative size of cavities in these groups of patients 
is illustrated in Table VII. In a few eases original roentgenograms were not 
available, or for other reasons the size could not be estimated with reasonable 
accuracy. The most striking feature in this analysis was found in the results 
of treatment of large cavities. In patients with cavities 6 cm. in diameter or 
greatei - , only 2 of 20 achieved a satisfactory result by medical therapy alone; 
9 patients succumbed to infection and 14 eventually required operation. The 
prospect for a successful result with medical therapy was much better in pa¬ 
tients with cavities less than 2 cm. in diameter; nevertheless, even in these 
smaller lesions, a number of patients eventually required surgical treatment for 
complete obliteration of cavities. 


Table VIE. Size of Cavity 


CENTIMETERS 

MEDICALLY 

TREATED 

SURGICALLY TREATED 

SATISFACTORY | 

FATAL 

0 2 

11 

7 


24 

11 

3 


4 6 

8 

o 


6 + 

o 

9 



DISCUSSION 

Despite the advent of antibiotic therapy and improvement of surgical tech¬ 
niques, pulmonary abscess continues to be a formidable disease. A rather wide 
variation in mortality rate has been noted in reported series, 1 ' 1 in general tend¬ 
ing to reflect the influence of the type of patient treated rather than the method 
of treatment. 

It has been noted in this study that certain incidental factor's are of serious 
import, particularly the age of the patient and associated or coincidental dis¬ 
eases. The percentage of good results of medical therapy in this series is lower 
than that reported by others, 1 ' 5 probably reflecting the status of the patient 
and the abscess rather than a true variance in results, since the usual medical 
regimen is rather well standardized. It has become highly unusual for tire 
patient who is reasonably young and in good general health to succumb to 
overwhelming infection associated with pulmonary abscess. In the present 
series, only 1 patient between the age of 10 and 50 died of pulmonary infection 
and 1 other patient in this age group died with a sudden massive hemorrhage. 
In approximately 50 per cent of the patients who died, death was thought duo 
to other disease rather than to the abscess, which was being adequately con¬ 
trolled. Most of the patients whose death was thought primarily due to the 
abscess were elderly and debilitated patients. However, the 11 patients in 
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whom death was thought due to the abscess represent potentially curable cases. 
It is conceivable that early drainage of the abscess might have improved the 
results in this group. 

Although Pox, Hughes, and Sutliff- have also noted an increased per¬ 
centage of patients requiring operation with increased duration of symptoms 
prior to admission, relatively little attention has been given to other specific 
factors which are important in their influence on the course of the disease. In 
predicting the eventual outcome of the disease and anticipating which patients 
will be likely to require operation, the present analysis may be useful. If it 
can be predicted with a high degree of probability early in the course of the 
disease that operation will eventually be required, it is possible to prepare the 
patient physically and psychologically from the time of admission. Although 
none of the factors studied is an absolute prognostic guide, when taken in com¬ 
bination they provide a good index of the probable outcome and can lead to a 
more efficient therapeutic regimen. 

SUMMARY 

1. Ninety consecutive cases of primary pyogenic pulmonary abscess have 
been studied. 

2. Thirty-two of 90 patients achieved a good result with medical therapy 
lone, 21 died while on medical therapy, and 38 patients required operation. 

3. Of the 21 fatalities among patients on medical therapy, death was 
houglit due primarily to the abscess in 11 cases which represent potentially 
urable patients with more effective treatment of the abscess. The other 10 

patients succumbed to associated diseases. 

4. Certain factors strongly indicated the likelihood of failure of cure by 
medical therapy alone. In descending order of certainty, these factors were 
as follows: (a) size of cavity 6 centimeters or more in diameter, (b) a history 
indicating onset of disease earlier than 8 weeks prior to admission, (e) staphylo¬ 
coccal infection, and (d) location of abscess in lower lobe of either lung. 

REFERENCES 

1. Gray, H. K.: Symposium on Bronchial and Pulmonary Disease; Alterations in Respira¬ 

tory Physiology Associated With Thoracic Injur}’ With Brief Comments on Treat¬ 
ment, M. Clin. North America 38: 1183, 1954. 

2. Fox, J. R., Jr., Hughes, P. A., Jr., and Sutliff, W. D.: Nonspecific Lung Abscess: Ex¬ 

perience With Fifty-five Consecutive Cases, J. Thoracic Surg. 27: 255, 1954. 

3. Pickar, D. N., and Ruoff, W. F.: Pulmonary Abscess: A Study of Seventy Cases, J. 

Thoracic Surg. 37: 452, 1959. 

4. Samson, P., and Dugan, D. J.: Management of Acute and Chronic Pulmonary Abscess, 

California Med. 69: 364, 1948. 

5. Wolcott, W., and Murphy, J. D.: The Changing Picture of Lung Abscess Therapy, Dis. 

Chest 32: 62, 1957. 



THE ANTERIORLY CRUSHED CHEST OR 
"STEERING-WHEEL INJURY” 

An Improved Method for Sternal Traction 

Milton Vtishiip, M. D., Cincinnati, Ohio 

C rush injuries of the chest are classified into (1) anterior, (2) lateral, and 
(3) posterior varieties, 1 and, of these, the anterior is particularly per¬ 
nicious. Although it may occur in a variety of ways, the anteriorly crushed 
chest derives its pseudonym, “steering-wheel injury,” from the fact that it 
occurs most commonly in automobile accidents when the driver of the vehicle 
is hurled forward by momentum over the steering post. It is the purpose of 
this report to present an improved method for applying sternal traction in this 
type of injury, to present a ease in which the method was used, and to discuss 
briefly associated problems. 

At the time of impact, sudden posterior displacement of the sternum pro¬ 
duces fractures superiorly across the sternum, laterally across the ribs or costal 
cartilages on both sides, and occasionally infcriorly across the sternum as well, 
resulting in an unstable or “floating” section of anterior chest wall. Unless 
corrected, increasing respiratory insufficiency occurs, due to several associated 
mechanisms. 

1. The “floating” segment of anterior chest wall moves paradoxically in¬ 
ward with inspiration and outward to neutral position with expiration, which 
produces a condition resembling a large sucking wound of the chest. Added 
respiratory effort is required in compensation. 

2. Further reduction in ventilatory ability results from the attempt to 
minimize pain by minimizing excursions of the chest, with resultant inefficient 
rapid and shallow breathing. 

3. Cough becomes inefficient because of the mechanical disruption of the 
thoracic cage, because of pain, and because of drugs given to alleviate the pain. 

4. When cough is inefficient, secretions normally present are not efficiently- 
expelled; but to make matters worse, reflex motor and secretory stimulation of 
the bronchial tree follows trauma to the chest, with resulting bronchorrhea, 
bronchospasm, and edema of the bronchial mucosa. 2 ' 3 Excessive production of 
pulmonary secretions coupled with marked interference with their evacuation 
results in “wet lung,” followed by atelectasis and pneumonitis and progressive 
diminution in respiratory capacity and reserve. 
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5. Ileus is an almost constant concomitant of severe chest injury. The gas¬ 
tric and intestinal dilatation produces elevation and restriction of the diaphragm 
and further loss of ventilatory capacity. 

6. Mediastinal compression, immediate and acute, may be a significant cause 
of rapid deterioration. In addition, the inflow of blood to the heart through 
the great thin-walled veins of the chest, which is significantly assisted by the 
pumping and sucking action of fluctuations in the normally subatmospheric 
intrathoraeie pressure, may be decreased to an alarming extent as negative 
pressure is reduced or, at times during the respiratory cycle, even abolished. 1 

The clinical picture is that of restlessness and anxiety, shock, cyanosis, 
tachycardia, rapid shallow breathing, and painful and ineffective cough. The 
lungs become filled with secretions. Movements of the floating segment may be 
slight at first, but, with gradually increasing embarrassment to respiration, 
marked increase in the amplitude of the paradoxical movement develops. 

To reverse this disastrous sequence of events, stabilization of the floating 
segment must be accomplished. With stabilization, pain is minimized, ventila¬ 
tion improves, cough becomes effective, secretions are expelled, and the vicious 
cjmle is interrupted and reversed. Methods of stabilization may be divided 
into (1) methods of internal fixation, (2) methods of external fixation by trac¬ 
tion, and (3) Morcli and Avery’s method of internal pneumatic stabilization 
by respirator. 18 

Internal fixation has been attempted by transfixion of the fractured ends 
| of the sternum or ribs with Kirschner wires, 4 or by attempting to hold the frac¬ 
tured ends with wire or silk sutures. 5 Intramedullary nailing of the fractured 
ribs has also been attempted. 0 Methods of internal fixation have not been par¬ 
ticularly satisfactory in cases of rib fractures, and even less so for the anteriorly 
crushed chest. 7 In such cases, internal stabilization is usually incomplete, in¬ 
adequate, and insecure, and often lost as rib ends fragment or pins migrate. 

Where feasible, traction is the most satisfactory way of restoring the in¬ 
tegrity of the chest wall. As a mechanical result of the direction of the frac¬ 
turing force and the direction of the resulting multiple fractures, the "floating” 
segment in anteriorly crushed chest is unstable inwardly; and traction applied 
in the opposite direction to that of the fracturing force will lock the fragments 
back in normal anatomic and functional position and produce a stable chest 
wall. The situation may be illustrated simply by comparing the crushed chest 
to a collapsible drinking cup, which loses its stability when collapsed, but be¬ 
comes firmly rigid when the ends are distracted (Fig. 1). In addition to im¬ 
mediate correction of the fundamental disturbance, allowing more efficient 
ventilation, easier cough, and evacuation of secretions, the application of secure 
traction immediately expands the chest and increases the capacity of the lung 
for respiration and ventilation. Furthermore, traction allows healing in a more 
expanded chest position and makes for a better functional end result. 

Various methods for the application of traction in anteriorly crushed chest 
injuries have been suggested. Towel clips and cervical tenacula have been used 
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to grasp the ribs or costochondral fragments adjacent to the sternum, and wires 
have been passed about the fragments. 8, 10 Cervical tenacula have been ap¬ 
plied across the sternum, with points hi the opposite interspaces. 11 ' 12 Towel 
clips or cervical tenacula have been used to apply traction through drill holes 
in the anterior sternal table, with the points of the instruments approximated 
in the sternal marrow cavity. Specially designed tongs 13 ' 14 have been applied 
through drill holes in the anterior table of the sternum in similar manner. 
Wires have been threaded through holes in the anterior cortex. Various types 
of hooks have been screwed into the anterior cortex of the sternum to provide 
a purchase for traction, including coat-hanger hooks, 15 corkscrews and cup- 
hooks. 1 Hudson, McElvenny, and Head 7 have suggested an interesting method 
of soft-tissue traction using multiple subcutaneous Kirsehner wires attached 
to spreader bows, adapted particularly to certain forms of the lateral types of 
crushed chest. 

Traction 


t 



A JL 

Fig 1 —The anteriorly crushed chest may be likened to the collapsed drinking- cup, with trac¬ 
tion the fragments lock and stability is achieved 

It is apparent, from the very variety of suggested methods of sternal trac¬ 
tion, that none is completely satisfactory and universally adaptable. One of 
the major faults with the numerous devices has been the lack of security. Frag¬ 
mentation of bone and loss of anchorage often occurs with the application of 
prolonged and adequate traction force and this leads to the necessity for re¬ 
ducing and compromising with the weight applied. Leverage may he consider¬ 
able and may cause fragmentation and loss of purchase in spite of meticulous 
and delicate care. 

PROCEDURE 

We have simply and effectively resolved these mechanical difficulties in 
applying and anchoring traction devices by passing a Kirsehner wire • under¬ 
neath the sternum in the center of the floating segment, through the retrosternal 
space, 15 using the wire as a yoke through which traction is applied. This method 
provides strong, secure, and dependable anchorage through tlie full thickness 
of the sternum rather than through one fragile cortex, permitting application 
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of as much force as desired without fear of distraction or loss of purchase as 
the days progress. There is no leverage to loosen the purchase, and the direction 
of pull can be changed as desired along the axis of the Kirschner wire, affording 
easy mobility to the patient in bed, who can sit up or lie down while traction 
is continuously exerted. The procedure is as follows: 

A generous incision is made transversely across the chest over the 
center of the floating segment and carried to the intercostal spaces on 
either side. The internal mammary vessels may be ligated, or may be 
avoided by staying close to the sternum. A grooved director is bent 
about 1.5 cm. from its tip to a 60-degree angle, and the shaft of the 
director itself is gently curved eoncavely, as illustrated in Fig. 2. 



Fig. 2 —A grooved director is bent as illustrated. 

The director is then passed under the sternum in the center of the 
floating segment, until care to avoid entering either pleural space. The 
tip of the director is maintained in apposition to the body of the 
sternum at all times. A flexible Kirschner wire is passed through the 
groove in the director, and the director is then removed, leaving the 
wire in place (Fig. 3). The ends of the wire are carefully secured with 
a Kirschner wire spreader bow, and traction immediately applied. The 
patient’s condition improves at once. The incision is closed, and 
weights applied through a system of pulleys. The patient is allowed 
considerable mobility in bed. There is no danger of leverage loosening 
the purchase, nor of excessive weight tearing out the moorings. We 
have used 20 pounds of traction initially^, and continued traction for 
about 3 weeks with gradual reduction in weight terminally. The pro¬ 
cedure may be performed under local anesthesia, although we have 
preferred the complete control of respiration afforded by endotracheal 
intubation under topical anesthesia, followed by light general anes¬ 
thesia, with suctioning of the tracheobronchial tree and administration 
of 100 per cent oxygen. 

Patients in whom the chest wall is so comminuted that traction will not 
lock the fragments into position can now be successfully treated by "internal 
pneumatic stabilization,” using the brilliantly conceived Morch respirator at¬ 
tached to a tracheotomy. 18 This method represents a singularly striking ad¬ 
vance in the therapy of severe, previously fatal, crushing injuries. While truly 
lifesaving in these cases, the method is associated with morbidity and com¬ 
plications, and requires constant careful and meticulous attention to detail over 
a prolonged period of time. In situations where adequate stabilization can be 
acliieved by traction, this is much to be preferred, being simple and easier, and 
returning the patient more rapidl 3 r and completely to a self-sufficient physiologic 
state. 

Next in importance to actual stabilization of the chest is tracheotomy, and 
this should be routinely employed. Its value has been amply demonstrated. 17 
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Tiacheotomy allows aspiration of secretions, diminishes dead space, and di 
mnuslies the effoit of bicathmg by removing nasal and pharyngeal resistance 
Tracheotomy should complement, not replace, correction of the basic defect by 
skeletal traction, which lemams of pnme importance and the cornerstone of 
tlieiapy Nasogastric or intestinal intubation to relieve gastric dilatation and 
abdominal distention secondary to the paralytic ileus is an important measuie 



Fig 3 — A, The skin Incision in relation to the fractured segment 

S The grooved director has been passed from one side of the sternum to the other, and 
the Kirschner wire has been passed through the groove Following this the director is care 
fully removed leaving the wire in place 

O, A Kirschner wire spreader is securely attached to the ends of the wire and continous 
traction immediately applied 

Antibiotics aie indicated to pieient and tieat pneumonitis In addition, sup 
portnc therapy must he gi\cn as necessary, including blood, intiaxenous fluids, 
oxygen, and careful tiaclieotomj caie Other senous injuries may be asso 
eiated with the crushed chest, including pneumothorax, hemothorax, tinclieal oi 
bronchial rupture, cardiac laceration and tamponade, diaphragmatic rupture, 
and extiatlioraeie injuries and must bo treated as indicated 
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CASE REPORT 

The following illustrative case is presented: 

Mr. W. K,, a 56-year-old wliite man, was admitted to tlie Jewish Hospital of Cincinnati 
on July 24, 1956, following an automobile accident on tlie preceding day in which he had 
sustained an anterior chest injury and fracture of the left tibia. He had been observed 
elsewhere and had seemed at first to be quite comfortable. In the ensuing hours, however, 
he had developed increasing difficulty breathing, and when finally transferred to this hospital 
was in extremis from respiratory insufficiency. Examination revealed marked cyanosis and 
dyspnea, and striking paradoxical motion of the anterior chest. The lungs were filled with 
secretions. X-ray studies revealed maiked gastric dilatation, and a haziness in the right lower 
chest attributed to fluid. 



Fig. 4.—Photograph of the apparatus in use 


The patient was taken immediately to surgery -with a diagnosis of anteriorly crushed 
chest. A Levine tube w as passed and the gastric dilatation relieved. An endotracheal tube 
was passed and the patient was lightly anesthetized with Pentothal sodium. One hundred 
per cent oxygen was administered, and copious bronchial sccietions were aspirated. With 
the patient under respiratory control, following sterile preparation and draping, a flexible 
Kirschner wire ivas passed beneath the sternum according to the method just described. 
The incision was closed, and the ends of the wire were attached to a Kirschner wire spreader 
(Fig. 4). Respiration improved immediately with the application of traction. A comple¬ 
mentary tracheotomy was then performed. The patient returned to his bed markedly im¬ 
proved. 

Convalescence was uneventful. The severe wet lung piesent on admission cleared 
rapidly. The patient was treated writh intravenous fluids and antibiotics, and was main¬ 
tained on nasogastric suction for 2 days. Twenty pounds of traction were applied at first, 
and gradually reduced during the progress of the convalescence. The Kirschner wire was 
removed on Aug. 14, 1956, 21 days after operation, with the chest remaining completely 
stable. An interlobar hematoma of considerable size was present on the right side and was 
treated conservatively, with subsequent complete resolution. The tibial fracture healed satis¬ 
factorily following closed reduction. The patient lias remained well following discharge 
from the hospital. 
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SUMMARY 

Omsk injuries of the chest are a particulaily devastating type of injury, 
and lead lapidly to respnatory insufficiency because of (1) paiadoxical respna 
tion, (2) shallow lapid bieatlnng, (3) inefficient cough, (4) accumulation of 
seeietions, (5) paialytic ileus, and (G) eaidiovascular embanassnient These 
mechanisms are dneetly l elated to the loss of integrity of the tlioiacic cage 
Immediate restoiation of that mtegiity is essential This is usually best ac 
complished by skeletal ti action An improved technique lor skeletal ti action 
in antenor crushed chest injuiies is piescnted, involving the passage of a 
Knschner ivne beneath the sternum, the attachment of a Kirscliner ivne 
spieadoi bow to the ends of the wne, and the application of traction tlnough 
the entire thickness of the sternum tlnough the yoke so formed 
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INTRAMURAL ABSCESSES OF THE ESOPHAGUS: 
A COMPLICATION OE FOREIGN BODIES 


Earl B. Sanborn, M.D., Chicago, 111. 

E ndoscopists have reported drainage of acute localized phlegmons of the 
esophagus. Apparently these eases are rare since relatively few have been 
recoi’ded. Experience until an intramural abscess of the esophagus, which clin¬ 
ically simulated a neoplasm and was treated by subtotal esophagectomy, aroused 
interest in the subject. 

A review of the literature disclosed that previously reported parietal ab¬ 
scesses of the esophagus involved the presence of foreign bodies. This significant 
relationship is emphasized by the following report. 

CASE REPORT 

Miss K. 0., a 56-ycar-old secretary, was admitted to the hospital on Nov. 25, 1957, 
with the complaint of retrosternal pain of 24 hours’ duration. The previous day a constant, 
nonradiating retrosternal pain developed after the patient, who seldom ate meat, had a 
portion of a pork chop. The pain was markedly accentuated by swallowing but not by 
exertion or deep breathing. It was unrelieved by coughing or change of position. Patient 
stated that after the onset of the pain she had choking sensations which continued until 
the forenoon of the day of admission. At that time a large amount of thick, brown-colored, 
fluid-like material appeared in her tliroat. It did not result from a cough. Patient was 
relieved but was weak after this incident. She also reported some choiring sensations which 
had occurred 4 to 5 months previously. There were no other symptoms related to the thoracic 
organs. There had been no loss of weight; her usual weight varied between 36.3 and 40.9 Kg. 

There had been no previous serious illnesses or operations. She had been treated 
earlier in the year for an “infected nose’’ by an otolaryngologist. In January, 1953, patient 
had been hospitalized for swelling of the face and ankles due to secondary anemia and mal¬ 
nutrition. In August, 1956, she had been rehospitalized for a dull, intermittent pain in the 
left upper quadrant of the abdomen and left lower chest. Laboratory and roentgenologic 
studies resulted in the diagnoses of atropie gastritis and mild malnutrition. After fluoroscopy 
with a barium meal, the esophagus was reported normal. A history suggestive of sinusitis was 
elicited. 

At physical examination the temperature was 36.8° C.; pulse, 78; respiration, 18; blood 
pressure 140/70 mm. Hg. The nasal and pharyngeal mucosae were injected and an apical 
systolic murmur was heard. The blood counts, urinalysis, and serological and blood chemistry 
determinations were essentially normal. The albumin/globulin ratio was 1.5:1. The corrected 
sedimentation rate was 30 mm. An electrocardiogram was normal. A thoracic roentgenogram 
made on November 26 revealed bilateral apical pleural thickening of a moderate degree and 
a few flbrotic strands in the left infraclavicular area. The heart was increased in size 

From the Department of Surgery, St. Joseph Hospital, Chicago, Ill, 
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(17 per cent by measurement). There were mild sclerotic and degenerative changes in the 
thoracic aorta. A liquid barium esophngogram on the same day demonstrated almost 
complete obstruction at the junction of the middle and distal thirds of the esophagus; a 
very small amount of barium escaped past a filling defect which measured 5 cm. in length and 



Fig - . 3.—Artist’s diagrammatic representation of lesion at the time of surgery, with preopera¬ 
tive roentgenogram. 

appeared to be within the lumen. A slight dilatation of the esophagus was present, im¬ 
mediately proximal to the filling defect (Fig. 1). 

Course in the Hospital.—On November 27 at esopliagoscopy a foreign body (gray- 
colored bolus of food) was seen and removed from the middle of the esophagus. Distal to 
this site the normal-appearing mucosa bulged into the lumen, especially from tho right side. 
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The lumen was thereby so narrowed that the csophagoscope was not advanced further. A 
biopsy showed normal esophageal mucosa. The foreign body was reported to be partially 
digested material of plant and animal origin; the latter included a small fragment of bone. 
The esophagogram was repeated on November 30, at which time an obstruction, almost com¬ 
plete, was again seen at the level of the eighth thoracic vertebra. An intraluminal-typo defect 
was noted, with very little barium passing beyond the area. The roentgenologist concluded 
that a neoplasm of the esophagus was present. Intravenous fluids were given daily pre- 
operatively. 

On December 2, a right thoracotomy revealed an 8 cm. cylindrical, smooth, firm 
mass in the esophagus below the arch of the aorta (Fig- !)• Its pink posterior surface 
was flecked with yellow. The mass was continuous above and below with normal-appearing 
esophagus. After the azygos vein was ligated and divided, the mass and distal esophagus 
was freed with ligation of vessels from the aorta and hilar areas. A small amount of 
granulation tissue was present in the posterior mediastinum adjoining the esophageal mass. 
The patient was then moved to a semi-supine position, and the peritoneal cavity was 
opened by a left paramedian incision. The stomach was mobilized by separation of the 
gastroliepatic and gastrocolic ligaments, with division of the vasa brevia artery, the 
left gastric artery, and the left gastro epiploic artery at its origin. The coronary liga¬ 
ment of the left lobe of the liver was divided, the esophagus freed from the hiatus, and 
the right crus of the diaphragm divided. A Heinoke-Mikulicz pyloroplasty was then 
performed. The esophageal hiatus was enlarged to permit the introduction of three 
fingers. The liberated stomach was then pushed and simultaneously pulled up into the 
thorax through the enlarged esophageal hiatus. The abdominal incision was then closed. 
The proximal portion of the stomach was transected and the distal end closed. The 
sophauus was transected proximal to the tumor mass. The latter, plus the distal 
sophagus and gastric cardia, were removed as one specimen. An esophagogastrostomy 
ras then performed at the level of the sixth thoracic vertebra, and the stomach was 
utured to the mediastinum and esophageal hiatus. Two intercostal drainage tubes were 
laced m the right pleural space, and the thoracic incision was closed in layers. The 
atient'» status throughout the procedure was exceptionally good; she left the operating 
room in satisfactory condition. 

The surgical specimen was submitted to the Pathology Department without any 
attempt to incise or explore it. The pathologic report can be summarized as follows: 
The specimen consisted of the distal portion of the esophagus and the attached cuff of 
the fundus of the stomach. After sectioning, an irregularly shaped superficial ulcer, 
2.0 by 0.5 cm., was seen in the mucosa, with its longer dimension along the axis of the 
esophagus. This was located 1 cm. below the superior edge of the resection and extended 
only through the mucosa and submucosa. The otherwise intact mucosa had a bluisli-gray, 
smooth, glistening surface. Within the wall of the esophagus was a firm mass, measuring 
7.0 by 3.0 by 1.2 cm. Cut section through this mass (Fig. 2) revealed smooth, glistening 
gray and tan surfaces, in the center of which was a small cavity (0.4 cm. in diameter) 
filled with purulent material. The ulcer was found to be connected to the abscess by a 
pin-point sinus tract. 

Microscopic sections revealed an ulcer extending through the mucosa into the sub¬ 
mucosa. The base of the ulcer was covered by many polymorphonuclear neutrophils. 
Beneath was a narrow tract of necrotic tissue, heavily infiltrated by polymorphonuclear 
neutrophils. This, in turn, was continuous with an abscess cavity containing many 
polymorphonuclear neutrophils and necrotic tissue. There was a suggestion of foreign 
material. At the margins of the ulcer and of the abscess, there was actively proliferating 
granulation tissue infiltrated by moderate numbers of lymphocytes and polymorphonuclear 
neutrophils. This tissue formed the outer margin of the specimen. The smooth muscle 
of the muscularis showed marked degeneration in the zone surrounding the abscess. A 
few foreign body giant cells were noted in the submucosa adjacent to the ulcer. There 
was a diffuse infiltration by polymorphonuclear neutrophils and lymphocytes of the 
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museularis about tho lesion In one section a spice lined by a thin lnei of condensed 
hyaline like material was continuous with the abscess cavity The surrounding tissue 
in some areas was infiltrated with small foci of poly moiphonuclear neutrophils 

Diagnosis —(1) Intramural al scess of the esophagus, (2) ulcer of esophagus, supei 
ficial, subacute 

The Chief Pathologist was consulted about the it port of the specimen He stated that 
the abscess was essentially an acute process and not o\cr 2 weeks old Inasmuch as the 
granulomatous revction was minimal it could not be callel a granuloma There was no evi 
deuce to suggest that the ulcer w is of the peptic type or that a diverticulum had been 
present in the area of the lesion 



Fig 2 —A Specimen opened demonstrating thickened esophageal wall and small ulcer 
with some mucopurulent material present in it L Wall of specimen sectioned showing 1 the 
thick wall of the abscess 


Postoperatively, the patient’s recovery was slow, but progressive Some pneumonitis 
developed m the left upper lobe and then cleared A roentgenologic study made on December 
23 demonstrated retention of barium in the thoracic stomach after 3 hours On January 30, 
only a small residual of barium remained in the stomach when the tost wa$ repeated 

It was necessary to treat a painful calcified bursitis of the right wrist as well as a 
painful left hip before the patient was discharged from the hospital on February 15 

Di F C Muiphy continued to sec the patient aftei she left the hospital 
On Nov 12, 1958, she lepoited to the wutci that there was an occasional pain 
m the mid epigastiium an hour oi moie aftei eating soft legnlai food Ilei 
weight had been 314 Kg m the summei, hut at that tunc was 3G 3 Kg (height, 
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164.5 cm.). She stated that she had returned to her full-time duties as secre¬ 
tary on April 21. On May 6, 1959, the patient reported that she weighed 38 
Kg. and had not been absent from work in over a year 

DISCUSSION 

Only a few eases of acute localized phlegmons of the esophagus have been 
reported. According to Graham, Singer, and Ballon, 5 von Hacker was the first 
to cure a patient with a circumscribed phlegmon of the esophagus by esophago- 
scopically removing the bone which caused the lesion. Handke and Bade 0 cited 
Seiffert as the first to describe the incision of an esophageal abscess via the 
esopliagoscope. Graham and his associates reported Guisez as curing 5 patients 
who had almost complete stenosis of the esophagus because of marked bulging 
of the esophageal wall due to abscess formations. Kramer’ stated that Guisez 
treated 8 patients with one death (patient was first seen when in extremis). 
Apparently no ill effects or stenosis occurred. Albrecht and Hertzog, also cited 
by Graham, obtained good results using the same techniques. One of 3 patients, 
treated similarly by Gottstein, died of mediastinitis on the eighth day. 

The literature revealed, in addition to those already mentioned, 13 cases 
of acute esophageal abscesses (Table I). These occurred in patients from 3 
years of age to 67, with nearly an equal number of males and females. It is 
significant that the abscesses developed, and were large enough to cause obstruc¬ 
tion, in a number of the cases in less than 5 days. The etiological agent in all 
cases was the incomplete swallowing of a foreign body, usually fish or meat 
bones, hut a coin (six pence) and a denture were also causative factors. The 
abscesses were located at varying levels in the esophagus, but were mainly be¬ 
tween 12 and 30 cm. from the upper incisor teeth. In some cases the foreign 
body was not found. When seen, it was removed. Drainage of the abscesses 
was usually accomplished with the aid of an esophagoscope. Stenosis developed 
in 1 case (at 30 cm.) and bougienage was required subsequently. In 2 of the 
eases, the periesophageal tissues were probably involved, but an attempt has been 
made to cite only localized phlegmons. A collar mediastinotomy was per¬ 
formed in a complicated case reported by Alpin. 1 

Terraeol and Sweet 15 have in their monograph a brief, well-written chapter 
including abscesses of the esophagus. In the bibliography, a case of traumatic 
abscess reported by Nys° is given. 

In the differential diagnosis of obstructive lesions of the esophagus, a 
parietal abscess should be considered, especially when a foreign body has been 
present. As to definitive treatment, drainage, utilizing an esophagoscope, is a 
more conservative type of surgical procedure. However, subsequent bougienage 
may he required for cicatricial stenosis of the esophagus. In advanced lesions, 
the wall of the esophagus might be destroyed to the extent that resection is 
indicated. 

The possibility of an intramural or parietal abscess of the esophagus was 
not considered preoperatively, or during surgery, in the ease just described. 
The patient was afebrile and had a normal total and differential leukocyte 
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count on admission. The esophagogvam suggested a neoplasm, as was true in 
one of Kramer’s cases (Case No. 3, Table I). Undoubtedly a stricture would 
have resulted if a drainage procedure had been done at surgery. Thus, resec¬ 
tion prevented subsequent need for bougienage. This patient probably would 
not have tolerated such procedures repeatedly. A drainage operation at the 
time of thoracotomy is not without other complications than stricture. Medias¬ 
tinal suppuration, with its ramifications, is one of several possibilities. It is 
fortunate that the abscess did not perforate into the mediastinum to any extent. 

The mucosa of the esophagus is apparently easily injured by foreign bodies. 
Bacteria then have a portal of entry to the underlying tissues, which have very 
little resistance to contamination, and infection and suppuration develop 
rapidly. 

The present case also illustrates the need for a correct histologic diagnosis 
before refusing, or failing to recommend, surgery in patients with obstructive 
lesions of the esophagus. Roentgenologic examinations are helpful but may be 
misleading. 


SUMMARY 

An intramural abscess of the esophagus has been described. The benign 
condition simulated a neoplasm roentgenologically before surgery and was 
treated successfully by resection. The reported cases of acute localized 
phlegmons of the esophagus have been summarized and their association with 
foreign bodies has been emphasized. 
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A CASE OF PURE ENDOBRONCHIAL CHONDROMA 

Caimelo E DeAngelis, At D , Albeit Robeito, /\1 D , and 
Oleh Sochan, At D , Yonkeis, N Y 

T he purpose of this papoi is to report a case of a piue chondroma of endo 
bionclual ongm, oecuiring in a middle aged lioman These tumors ansmg 
fiom this site aie extiemcl} laie and only a feu cases hare been lepoited in 
the literature 

Almost all these cartilaginous tumois have been called “hamartomas,” a 
term which originated fiom Albieeht, 1 in 1904, who stated that "hamartomas 
are tumoi like malformations in which occur only an abnoimal mi\mg of 
the 1101 mal components of the oigan The abnoimality maj take the 
foim of a change in quantity, anangement and degiee of differentiation, 01 
may comprise all three The deduction to be drawn from histologic examination 
of these formations is that they hate onginated m an abnoimal mixing of the 
elements or from distmbanccs of then development” The term as oiiginalh 
coined bv Albieeht was applied to such tumois of the lnci 

CtSE REPORT 

A 55 }ear old white woman was admitted to St John’s Riverside Hospital on May 
12, 1958, with a chief complaint of fe\er and cough The patient had been in good 
health until approximately 10 days prior to admission, when she noted the onset of fever 
accompanied by muscular aching and cough The fever was intermittent with dnil} 
temperature rises The cough was productive of a moderate amount of tan colored 
sputum which occasionally w as blood streaked The patient was treated at homo by a 
physician with supportive therapy and, when she failed to improve, hospitalization was 
advised 

A review of her past history revealed that she had had several similar episodes 
within the previous 6 months The patient had no wheezing in the chest but had mild 
dyspnea on exertion She complained of pam in the right upper chest region anteriorly 
and laterally which was pleuritic m nature Her systemic review was noncontributor} 
to the present illness 

Tiie patient had had pleurisy m the nght chest approximately 10 jears prior to this 
admission A tonsillectomy was performed at the age of 18 and she had the usual childhood 
diseases She was a relatively heavj smoker, admitting to more than one pack per day 
She had no lustorj of allerg} Positive physical findings were limited to the chest where 
there was evidence of decreased breath rounds in the right upper lung field anteriorly and 
posteriorly with dullness and a positive cough sign 

n ^Prom the Departments of Pathology and Surgen St John's RKerside Hospital Yonkers 
Received for publication July 9 1959 
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Initial treatment consisted of erythromycin, expectorants, aspirin, and sedation. 
An electrocardiogram was within normal limits. A chest roentgenogram (Fig. 1) revealed 
flocculant mottled infiltrate which involved the posterior segment of the right upper lobe. 
A temperature of 103° F. occurred on the tiist day’, with return to normal in 5 days. 
The cough, how r ever, persisted, as did the pam in the chest. Six days following admission 
repeat x-ray studies (Fig. 2) showed further atelectatic changes in the right upper lobe 
region and neoplasm was suspected. 

Bronchoscopy was performed on January' 24 under local anesthesia and a mass was 
found which occluded the right upper lobe orifice completely*. The mass w*as grayish-pink 
and appealed to be fungating. A biopsy showed bronchial mucosa with hyaline cartilage 
beneath the mucosa. It w as thought that the biopsy- had been inadequate. 



Fig. 1 Fig 2 

Fig. 1 —Roentgenogram taken on admission discloses a flocculant mottled infiltrate in¬ 
volving a segment of right upper lobe 

Fig. 2.—Roentgenogram made G days later discloses atelectatic changes in the right upper 
lobe region with the possibility of neoplasm as suggested by the roentgenologist. 

Because of the clinical diagnosis of bronchogenic carcinoma, an exploratory 
tlioiactomy was performed on May* 27, 1958. Due to the absence of an absolute pathologic 
diagnosis, the main right upper lobe bronchus w r as opened posteriorly* and the mass was 
again noted. Several punch biopsies were taken and frozen section examination again 
revealed only cartilage. The diagnosis of benign chondroma was made and the incision 
in the bronchus was extended into the apical segmental bronchus wlieie it was found 
that the mass was a chondroma on a very small pedicle originating in the right upper 
lobe apical bronchial segment. The pedicle was excised with an ovoid incision through 
the mucosa. The area from which the tumor had arisen was curetted with a small 
curette. The bronchus was closed with interrupted 4-0 silk sutures and a pedicle graft 
of pleura was placed over the incision in the bronchus. 

The patient made a completely uneventful convalescence, with complete expansion 
of the right upper lobe. She was discharged on the ninth postoperative day in good 
condition. 

The pathologic report was as follows: the gross specimen consisted of an irregular, 
small, whitish, firm chondroma, glistening upon sectioning and measuring 0.8 by 0.6 by 

0.6 cm. 
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' Microsections showed a typical chondroma partially lined by the normal mucosa of 
the bronchus. The cartilage was composed of a uniform trnnsluscent matrix with evenly 
situated oval lacunae containing small cartilaginous cells which were adult in type. 
There was a complete absence of other types of tissues which might warrant classification 
of this tumor as a hamartoma. Malignancy was absent. 

DISCUSSION 

According to McDonald, Harrington, and Clagett, 2 it cannot be denied that 
pure chondromas of the lung occur, although they have had no experience with 
them as such. These authors indicate that cartilaginous tumors in the lungs 
are occasionally referred to as chondromas, when the other elements, such as 
epithelium, fat, and smooth muscle, are incorporated in the tumor. These are 
not true chondromas. 

According to Rubin and Beekman, 3 location of a chondromatous hamartoma 
in a bronchus is uncommon. They reported the fourteenth ease of this type and 
they were unable to find a single pure chondroma in S,800 necropsies reviewed. 
Because of the close relationship of pure chondromas of the bronchus and 
hamartomas, these tumors, for convenience and symptomatology ns well as 
prognosis, should be considered as similar tumors. 

In an article by Nissen and his associates,'* cartilaginous tumors'of the 
lungs are frequently encountered at autopsy. They are usually peripherally 
located, are of hamartomatous nature, and are not clinically significant. 
Cartilaginous tumors arising from the large bronchi are of clinical importance 
because they give rise to signs and symptoms which may he easily interpreted 
as due to carcinoma hut are amenable to curative surgical procedures. These 
authors found only 20 eases in reviewing the medical literature. 

According to Young and his associates, 5 endobronchial hamartomas have 
occasionally been removed through the bronchoscope and none lias been known 
to recur. They often produce recurrent pneumonitis and atelectasis and make 
it desirable to remove tlic involved segment. The most frequent symptoms 
have been eougli and hemoptysis. The roentgenograms in the cases of Young 
were not diagnostic of bronchial tumors. A review of the literature by these 
same authors disclosed 2d cases of endobronchial hamartomas. Of the 24 cases 
reported, 13 arose in the right lung and 11 in the left lung. Seven of the 
tumors were incidental findings at autopsy and the other 17 produced symptoms. 
There has been no instance of a bronchial chondroma becoming malignant. 

In a 1958 publication, Hodges" found that in 200 reported eases of hamar¬ 
tomas of the lungs, the tumor was endobronchial in 33 and in the Inn" 
parenchyma in the remainder. 

SUMMARY 

This is the report of a middle-aged white woman who was admitted to the 
hospital mainly for cough and fever. The symptoms and signs, including x-ray 
interpretations, were those of a neoplasm, probably carcinoma. However, upon 
opening the bronchus at thoracotomy, a pedunculated firm tumor was found 
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completely obstructing the lumen of the right upper lobe. Frozen and paraffin 
sections disclosed it to be a pure chondroma. On the ninth day following 
removal of the growth, there was complete expansion of the right upper lobe 
and the patient was becoming symptom free. 

This case seemed to follow the pattern of most of the cartilaginous endo¬ 
bronchial tumors reported in the literature, with obstructive bronchial signs 
followed by atelectasis, and complete cure following the removal of the tumor. 
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ACQUIRED TRACHEOCELE: AN UNUSUAL LESION 

Surgical Resection in a Case Associated With 
Trachiectasis and Bronchiectasis 

John J. Sullivan, Jr., M.D., and Joseph L. Mangiardi, M.D., Mineola, N. Y. 

A mong the benign conditions affecting the tracheobronchial tree, diverticulum, 
or tracheocele, represents one of the more uncommon. Essentially, this 
lesion consists of an out-poueliing, or sae, formed by membranous trachea at its 
junction with the eartilagenous rings (the cornu). The more common congenital 
variety is usually small and narrow-mouthed, probably representing a super¬ 
numerary hud which has failed to become isolated ns a bronchogenic cyst. 
Typically, these occur about 4 to 5 cm. below the true vocal cords, most often 
present at the right cornu, are clinically silent, and sometimes multiple. 

The acquired variety, on the other hand, is usually wide-mouthed, tends to 
be larger in size, may occur at any level, and often produces esophageal com¬ 
pression. Chronic infection in glands of the posterior tracheal wall with 
progressive destruction of elastic tissue has been postulated as its etiology. 
Trachiectasis and/or bronchiectasis may be associated and secondary to it. 
Indeed, the signifiance of such a diverticulum, resides not only in its ability to 
produce cough, but more importantly in its acting as a reservior for secretions 
which may result in chronic reinfection of the tracheobronchial tree. 

Although described by Rokitansky' over 100 years ago, relatively few 
cases of tracheocele have been reported. The great majority oE these has been 
of the congenital type, incidentally noted at necropsy or bronchographic ex¬ 
amination. Drymalski, 2 Mackinnon, 3 Goldman, 4 and others 4 ' 6 have reviewed the 
various aspects of this lesion and presented cases. In 1944, Addington and co¬ 
workers 7 reported an acquired tracheal diverticulum in a 32-year-old man who 
had complained of cough, dyspnea, and wheeze for 8 years. This was a wide- 
mouthed sac demonstrated at bronchoscopie examination, produced esophageal 
compression, and was accompanied by basilar bronchiectasis. 

Throe surgical cases have been recorded in which tracheoceleetomy was 
performed. In 1943, Cliristmann and Albano 8 described cervical excision of a 
plum-sized sac communicating between the second and third tracheal rin^s. 
During the previous 15 years it had been intermittently palpable in the right 

^ ^From the Thoracic Surgical Section, Department of Surgery, Nassau Hospital, Mineola, 
Recehed for publication July 7 20, 1959. 
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supraclavicular fossa and had become the site of recurrent infection with pu¬ 
rulent sputum. In 1950, Mathey and Lemoine 0 operated upon a 16-year- 
old girl who was found to have a congenital tracheoesophageal fistula (with¬ 
out atresia) as well as a congenital tracheocele. The former entered the 
trachea 3 cm. above the main carina and was divided and closed. The 



Fig. 1. Fig. 2. 

Fig. 1.—Barium esopliagram in right anterior oblique view which shows displacement 
of esophgus at level of aortic arch. 

Fig. 2.—Spot film of lower trachea with patient recumbent, taken following instillation 
of oily Dionosil. Note pooling in diverticulum. 

subjacent tracheocele was excised. In 1951, Clagett 10 operated upon a 52- 
year-old man who complained of long-standing productive cough. Utilizing 
a sternum-splitting incision, he resected an acquired diverticulum of the trachea 
presenting from the left cornu just below the clavicle. Complimentary tra¬ 
cheostomy was performed to reduce the mean intratracheal pressure. 


CASE REPORT 

E. B., a 59-year-old widow, was seen in consultation because of a chronic recurrent 
productive cougli of 28 years’ duration. Prior to age 30, she had enjoyed excellent health 
with no symptoms referable to the respiratory system. In 1931, about 1 year prior to under¬ 
going a uterine suspension, she had noted the onset of a dry cough, the cause of which was 
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unexplained. Very shortly following this operation, the cough increased in severity and be¬ 
came productive of mucopurulent sputum. During the ensuing several *years the cough was 
almost constantly present, and severe paroxysms frequently induced vomiting and became 
quite incapacitating. She sought medical consultations, but repeated physical examinations 
and chest roentgenograms were said to be unremarkable. Her “chronic bronchitis * 1 was 



Fig. 3.-—Photograph at operation with tracheocele open. Tape surrounds the left main- 
stem bronchus. Note descending aortic arch at right and below. 

Pig. 4.—Same view as Fig. 3 which shows closure of membranous trachea. Vagus and 
recurrent nerves are seen above. Note esophagus below between bronchus and aorta. 

treated with a multiplicity of antitussives, sedatives, antihistamines, expectorants, inhalants, 
and chemotherapeutic agents wdtli only partial or transient relief. In 1948 a severe episode 
of pneumonitis and pleurisy occurred. 

In 1D56, whilo vacationing in Florida, an extraordinarily severe episode of coughing 
occurred, and she was hospitalized. Chest roentgenograms were said to be normal. Bron- 
choscopic examination was performed and reported to reveal a “very unusual condition’' 
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characterized by an “impaction, of glue-like secretion in the lower trachea.” This was 
aspirated, and the cough tended to subside almost completely for the ensuing 2% years. 
However, in March, 1959, it recurred, again becoming productive of thick sputum. She 
was admitted for study. 

Physical examination showed a well-nourished woman with no evidence of dyspnea, 
cyanosis, or clubbing. There was a hoarse, low-pitched, rattling cough of a very unusual 
character. Auscultation revealed a loud coarse wheeze over the anterior thorax with maximal 
intensity over the upper sternum. On inspiration this sounded like swirling eddy currents 
of air. 

Hematologic studies and urinalysis were normal. Sputum smears showed many leuko¬ 
cytes and some bacteria; all cultures showed no growth. An electrocardiogram was normal. 

. Bronchoscopic examination revealed a cylindrieally dilated and somewhat bulbous trachea. 
Just above the main earina on the posterolateral wall a wide-moutlied orifice was observed 
communicating with a smooth-lined diverticular p'ouch. With inspiration the mobile sac 
wall ballooned out, and at expiration its dome partially prolapsed into tracheal lumen, vibrat¬ 
ing against the wall of the orifice. 

Conventional roentgenograms of the thorax showed a circumscribed oval radiolucency 
at the left tracheal border. An esopliagram (Pig. 1) showed posterior displacement of the 
esophageal segment opposite the aortic arch. Tomograms in the coronal plane demonstrated 
the paratraclieal radiolucency to be devoid of lung markings. Angiocardiography showed 
no abnormality of pulmonary vasculature. Bronchography under fluoroscopic control 
revealed the following information: with the patient semirecumbent, 4 c.c. of oily Dionosil 
was instilled by catheter into the mid-trachea and seen to pool in the diverticulum just above 
the main earina (Pig. 2). The head of the tilt table was then elevated, and the contrast 
material emptied into both bronchial trees. This occurred in the absence of any coughing; 
no esophageal dye was seen. The upright films showed moderate cylindrical bronchiectasis 
of the basilar segments in each lower lobe. Diffuse trachiectasis was also evident. 

Left lateral thoracotomy was performed on April 7, 195.9, under endotracheal anesthesia. 
The thin-walled diverticulum presented in the aortic window just under the arch and was 
dissected free of surrounding tissue. It was quite intimately adherent to the esophagus. 
The sac measured 3 by 2 by 1.5 cm. Traction sutures were placed, and it was momentarily 
opened for inspection (Pig. 3). A Satinsky clamp was placed across its base and proximal 
excision performed, closing the defect with two layers of the silk (Pig. 4). Postoperatively, 
the patient's course was entirely uneventful. Although still present 3 months later, her 
cough has become progressively less marked and less productive. The severe paroxysms are 
no longer present, and subjective improvement is striking. 

Microscopic sections of the sac showed layers of membranous trachea with no 
inflammation. 


COMMENT 

In this patient the onset of symptoms after the age of 30 and the mor¬ 
phologic characteristics of the tracheocele strongly suggest the latter to have 
been an acquired lesion. The associated bronchiectasis and trachiectasis lessened 
our hope for a surgical cure of the cough; however, considerable mitigation of 
its severity has already occurred. 

SUMMARY 

The subject of congenital and acquired tracheoceles has been briefly re¬ 
viewed. A case is reported of a 59-year-old widow with long-standing chronic 
cough of occult etiology. Excision of a tracheocele was performed with marked 
palliation. 
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ABERRANT LEFT PULMONARY ARTERY 
A Correctable Cause of Respiratory Obstruction 

Julius H. Jacobson II, M.D.,* Beverly C. Morgan, M.D., Dorothy H. Andersen, 
M.D., and George H. Humphreys II, M.D., New York, N. Y. 

INTRODUCTION 

T he surgical relief of respiratory obstruction caused by vascular anomalies 
was started by Gross 1 ’ 2 in 19-15 with division of a double aortic arch. In- 
terest since then has centered around correction of aortic arch anomalies. In 
the past 2 years we have encountered 3 cases of aberrant left pulmonary artery 
■ which caused respiratory obstruction. In these cases, the left pulmonary artery 
jf arose on the right of the mid-line and passed posteriorly and to the left between 
the trachea and esophagus to reach the left hilum (Fig. 1). Since, in 2 of our 
cases, the surgeon’s failure to recognize the true nature of the abnormality led 
to an incorrect procedure, it seems desirable to call attention to this lesion. 

The first ease of aberrant left pulmonary artery associated with tracheo¬ 
bronchial obstruction was reported in 1938 3 and 16 years elapsed before the 
report of 2 additional cases 4 ’ 5 in 1954. A total of 15 cases have now been re¬ 
ported (Table I). The fact that 11 of these have been reported from four clinics 
suggests that this anomaly is more common than previously appreciated. 

CASE REPORTS 

Case I.—(Table I—Case XUI.) L. D., No. 8456, born May 14, 1956, died Sept. 22, 1956. 
The patient, a white girl, was admitted to the Babies Hospital at the age of 7 weeks 
with a history of dyspnea since birth. There were wheezes in both lungs and marked stridor. 
Chest roentgenogram showed obstructive emphysema on the right with mediastinal shift to 
the left. No abnormalities were seen on direct laryngoscopy or esopliagram. Bronchoscopy 
was not done. 

At the age of 11 weeks, with a presumptive diagnosis of bronchogenic cyst, the right 
pleural cavity was opened. The right lung was found to be emphysematous, but no cyst or 
other abnormality causing bronchial obstruction was found. The mediastinum was not dis¬ 
sected. 

Following operation, stridor and tachypnea persisted. A combined tracheo-esophagram 
showed marked indentation of the posterior trachea and anterior esophagus at the level of the 
carina, well visualized in the lateral view but poorly seen in the posteroanterior projection 
(Fig. 2) . 
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Two weeks later, the right chest was re opened and the mediastinum dis^-v^ 29 
blood vessel was found arising from the right pulmonary artery anterior to ^ 

passing posteriorly over the origin of the right primary bronchus around the f 

of the trachea, and then medially to the left between the trachea and esophagus’ 
further course could not be identified The vessel was thought to be a right patent 
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Fig 1 —Diagrammatic representation of aberrant left pulmonary artery (cross section) 
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—Case I A. Fosteroanterior trachco esophagram which falls to show the abnormality 
B, Lateral tracheo-esophagram demonstrating the aberrant left pulmonary artery 
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arteriosus. After 5 minutes of well-tolerated occlusion, it was divided. The postoperative 
course was characterized by increasing respiratory distress, and death occurred 48 hours later. 
Postmortem, examination revealed, in addition to the aberrant left pulmonary artery (Fig. 3) 
which had caused compression of the trachea and right main bronchus, the following patho¬ 
logic features: (1) persistent left superior vena cava emptying into a large coronary sinus, 
(2) ostium secundum defect 8 mm. in length (slit-hke), (3) anomalous branch of left pulmo¬ 
nary artery to right upper lobe, (4) anomalous tracheal cartilages: complete cartilaginous 
rings in the lower trachea and main bronchi, (5) high origin of right upper lobe bronchus 
(epiarterial), and (6) emphysema in the right upper lobe and atelectasis in the right middle 
and loner lobes. 


1 Case I 
8456 

Left putm. &. 



Fig-. 3.—Case I (Table I—Case XIII). 


Case II.—(Table I—Case XIV.) D. A. No. 8678, born Dec. 13, 1952, died Nov. 15, 1957. 

The patient, a Negro girl, was first admitted to the Babies Hospital at the age of 2 
weeks with a history of respiratoiy distress since birth. Stridor and moderate tachypnea had 
persisted with frequent exacerbations throughout her life. At the age of C weeks the diag¬ 
nosis of congenital heart disease was made on the basis of a harsh systolic murmur, cyanosis, 
and an abnormal cardiac configuration on a chest roentgenogram. Cardiomegaly was progres¬ 
sive. An esophagram at the age of 8 months disclosed a right aortic arch without other 
evidence of esophageal compression. 

Angiocardiography done at this time was interpreted as showing persistent truncus 
arteriosus. The course of the pulmonary arteries was not clear. Bionchoscopy and traclieo- 
bronchogram were not done. After repeated exacerbations of symptoms, she was admitted 
for the eighth time at the age of 4 years and 11 months in severe congestive heart failure and 
shock. Death occurred 4 hours later. Necropsy (Fig. 4) revealed in addition to the aberrant 
pulmonary artery: (1) tetralogy of Fallot with atresia of the pulmonary valve and high 
ventricular septal defect (1.3 cm.), (2) ostium secundum defect (0.8 by 1.5 cm.), (3) patent 
ductus arteriosus (1-2 cm. circumference), (4) peristent left superior vena cava entering the 
coronary sinus, (5) right aortic arch and anomalous origin of the right common carotid (right 
vertebral and right subclavian arteries), (6) singled-lobed left lung, (7) anomalous branch 
of the left pulmonary artery supplying the right upper lobe, and (8) hyperostosis of 
calvarium with compression of frontal lobes. 
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Case m.—(Table I—Case XV.) N. F., No. 8888, born Oct. 19, 1958, died Dec. 24, 1958. 

This infant was admitted to the Babies Hospital at the age of 8 weeks with a history 
of wheezing for 3 weeks. Physical examination revealed stridor, chest retraction, and slight 
cyanosis. Chest roentgenogram showed emphysema of the right lung. Esophagram disclosed 
anterior indentation at the level of the carina, best seen in the left anterior oblique view. The 
child’s course was characterized by rapidly progressive respiratory distress. A tracheo- 
esophagram was done by the "gulp” technique (described later) which showed separation of 
the trachea and esophagus by an abnormal structure, well seen in the posteroanterior roent¬ 
genogram (Fig. 5, A). A left anterior oblique esophagram demonstrates the size of the vessel 
wall (Fig. 5, B). A presumptive diagnosis of bronchogenic cyst was made. At operation 
the right lung was found to be almost completely consolidated. An abnormal vessel was 



identified arising to the right of the mid line in the mediastinum, anterior to the trachea, pass¬ 
ing to the right around the lateral and posterior aspects of the trachea, and then medially 
to the left, anterior to the esophagus. The possibility that this represented an aberrant left 
pulmonary artery was considered but aspiration of the vessel yielded bright red blood under 
arterial pressure. A diagnosis of double aortic arch was made. After occlusion for 5 minutes 
was well tolerated, the vessel was divided. Post operatively, assisted respiration was required, 
and heart action ceased after 6 hours. Necropsy examination revealed, in addition to the 
aberrant pulmonary artery (Fig. 6) with compression and malacia of the right main-stem 
bronchus, the following pathologic features: (1) ostium secundum defect 5 by 11 mm. and 
fenestrated septum primum with its largest opening 4 by G mm., (2) patent ductus arteriosus, 
7 mm. in length and 4 mm. in circumference, (3) anomalous tracheal cartilages (complete 
cartilaginous rings in the lower trachea and main bronchi), and (4) absence of gall bladder. 


DISCUSSION 

Tho diagnosis of aberrant left pulmonary artery should be considered in 
all infants with persistent stridor. Symptoms of respiratory distress appeared in 
the first month of life in all but one reported case, witli stridor generally noted 
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at birth or shortly afterward. In contrast to tho clinical picture presented by 
most other vascular ring anomalies, symptoms of esophageal obstruction have not 
been noted. Patients have presented with any or ail of the following symptoms: 
stridor, dyspnea, cyanosis, and repeated respiratory infections. The course is 
usually progressive with occasional lessening but never disappearance of 
symptoms. Physical findings may include stridor, retraction, tachypnea, wheez¬ 
ing, hyperresonance on the right with tracheal deviation to the left, and cyanosis. 
When pulmonary infection is superimposed, bilateral rfiles, rhonclii, and fever 
may appear. This can obscure the primary factor of respiratory obstruction. 



Fig 7 —Surgical approach for correction of aberrant left pulmonary artery. Insert 
shows the divided left pulmonary artery being re-anastomosed after division and transplanta¬ 
tion medial to the right main-atem bronchus. 

Chest x-ray findings have been variable. The most common picture is that of 
emphysema of the right lung with mediastinal shift to the left. Lateral view 
may show narrowing of the lower trachea. Bronchoscopy has been consistently 
useful in demonstrating narrowing of the trachea or right main-stem bronchus. 
However, this procedure is hazardous in infancy and it is our belief that the 
diagnosis can be made conclusively by other techniques. Angiocardiography 
has been reported as diagnostic. 3 In Case II of the present series, the anomalous 
left pulmonary artery was not visualized by this tedmique because of tho 
presence of a tetralogy of Fallot with atresia of the pulmonary valve. 

In our experience, the most important diagnostic aid has been the combined 
tracheo-esopliagram, utilizing the “gulp” technique. In this procedure, o to 10 
c.c. of aqueous Dionosil is instilled into the posterior pharynx followed immedi¬ 
ately by occlusion of the nose and mouth. This causes the patient to swallow 
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Tabli 




AGE AT 

ONSET OF 


DIAGNOSTIC TESTS 


AUTHOR 

SEX 

SYMPTOMS 

X-RAY CHEST 

ESOP1IAGRAM 

[ BRONCHOSCOPY 

Seheids 

Male 

7 mo. 

Normal 

* 

Narrowing of lower 
trachea 

Welsh & 
Munro-* 

Male 

2 wk. 

Normal 

Unsatisfactory 

study 

— 

Potts et al.s 

Male 

Birth 

Emphysema rt. 
lung; left medi¬ 
astinal shift 

Normal 

Extrinsic pressure on 
lower trachea and 
rt. main bronchus 

Morse & 
Gladdingo 

Male 

Birth 

Changing findings 
rt. lung; left 
mediastinal shift 

— 

Narrowing rt. main- 
stem bronchus 

Wittenborg 
et alJ 

Male 

4 da. 

Diffuse emphy¬ 
sema ; narrow¬ 
ing trachea 

Posterior indenta¬ 
tion ; slight an¬ 
terior indentation 

Narrowing trachea 
just above carina 


Male 

Birth 

Normal 

— 

— 

Hiller & 
Macleans 

Female 

Birth 

— 

Anterior indentation 
of esopliagram 

— 


Male 

? 

— 

Anterior indentation 
of esopliagram 

— 


Female 

Birth 

— 

Anterior indentation 
of esopliagram 

— 

Contro 
et al.® 

Female 

1 mo. 

? Enlarged thymus 

Anterior indentation 
esophagus 

Moderate narrowing 
of distal trachea; 
collapsed rt. main- 
stem bronchus 


(performed on op¬ 
erating room table 
with chest open) 


Male 


4 da. Normal 
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ANGIOCARDIOGRAM 

AGE AT 
OPER¬ 
ATION 

OPERATION 

AGE AT | 
DEATH | 

DIAG¬ 

NOSIS 

ANTE 

MORTEM 

ADDITIONAL FINDINGS AT 
AUTOPSY 



None 

10 mo. 

No 

Complete tracheal cartilagino 
rings; patent ductus arteri¬ 
osus; ostium secundum defi 
(1 by 1.5 cm.) 

' 

6 mo. 

Anomaly appreciated at 
exploration; cardiac 
arrest before correction 
attempted 

6 mo. 

Afc oper¬ 
ation 

None mentioned 


5 mo. 

Anomalous left pulmo¬ 
nary artery divided and 
re-anastomosed to the 
left of the trachea; ex¬ 
cellent result 


Yes 



1 mo. 

Anomalous left pulmo¬ 
nary artery divided and 
re-anastomosed medial 
to the trachea; initial 
improvement with early 
recurrence of respira¬ 
tory obstruction 

1% mo. 

At oper¬ 
ation 

None 



None 

3 mo. 

No 

Aberrant right subclavian 
artery; persistent left supe^ 
rior vena cava to coronary 
sinus; hypoplasia left kidne 
partial malrotation on in¬ 
testine; hemivertebrae 



None 

3 mo. 

No 

Ventricular septal defect; 
dextroposition of aorta; co¬ 
arctation of aorta 

Remonstrated ab¬ 
errant left pulmo¬ 
nary artery 

2^yr. 

Anomalous left pulmo¬ 
nary artery divided and 
ro-anastomosed to the 
left of the trachea; 
postoperative angio¬ 
cardiogram showed no 
filling of left pulmo¬ 
nary artery; stridor 
relieved 


Yes 


Remonstrated ab¬ 
errant left pulmo 
nary artery 

2 yr. 

Anomalous left pulmo¬ 
nary artery re-anas¬ 
tomosed medial to the 
trachea; postoperative 
cardiac arrest 

2 yr. 

Yes 

No other cardiovascular 
anomalies 

Remonstrated ab¬ 
errant left pulmo 

‘ 

None 


Yes 



2% mo. 

Left exploratory thora¬ 
cotomy performed; 
anomalous left pulmo¬ 
nary artery not recog¬ 
nized 

2% mo. 

No 

None mentioned 


— 

Repair of imperforate 
anus 

4 da. 

No 

Repaired imperforate anus; 
harelip; cleft palate; per¬ 
sistent left superior vena ca 
into coronary sinus; ntrio- 
ventriculnris communis 
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Tabi 


CASE 

1 j 


AGE AT 
ONSET OF 


DIAGNOSTIC TESTS 


NO. 

author 

SEX 

SYMPTOMS 

X-RAY CHEST 

! ESOPHAGRAM 

| BRON CIIOSCOPI 

sir. 

Sherman* 0 

Male 

Birth 

Emphysema rt. 
lung; left medi¬ 
astinal shift 



XIII. 

Present 

report 

Pemale 

Birth 

Emphysema rt. 
lung; left medi¬ 
astinal shift 

Lateral indentation 
esophagus 

Traeheo-broncho- 
gram; no conti 
media into rt. 
main bronchus 

XIV. 

Present 

report 

Female 

Birth 

Cardiomegaly 

Normal 

— 

XV. 

Present 

report 

Male 

1 mo. 

Increased density 
rt. base 

Anterior indentation 
esophagus 

Tracheo-broncho- 
gram; separati 
of trachea and 
esophagus 


and aspirate, allowing simultaneous visualization of the esophagus and tracheo¬ 
bronchial tree. The aberrant pulmonary artery is well outlined by the resultant 
filling defects in the posterior trachea and anterior esophagus. It has been 
stated that the diagnostic identation of the esophagus is best seen in the lateral 
projection. 7 Our cases have been variable in this regard. In Case I, the 
esophagus appeared normal in the posteroanterior film while the lateral view 
showed deep anterior indentation; in Case III, the reverse was true. Ideally, 
posteroanterior, lateral, and oblique projections should be taken with radiopaque 
material in the trachea and esophagus. It should be emphasized that virtually 
the only other vessel which passes between the trachea and esophagus is an 
aberrant subclavian artery which, in 15 per cent of cases, lies between these two 
structures. 11 In this condition, however, the indentation of the esophagus is 
oblique in the posteroanterior projection and is seen at a higher level. 

In cases of aberrant left pulmonary artery, the outstanding pathologic 
feature has been the uniformity of the anomaly. In each case it has consisted 
of an elongated main pulmonary artery segment with the left branch arising 
well in the right mediastinum and passing posterioi’ly between, the trachea and 
esophagus to the left hilum. Either the trachea, the right main-stem bronchus 
or both may be obstructed as a result (see Fig. 1). The term “vascular sling” 0 
has been proposed to differentiate this condition from the more common vascular 
ring anomalies. 
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»nt'd 


\GIOC YRDIOGRAM 

AGE AT 
OPEF 
ATION | 

OPERATION - 

AGE AT 

DFATH 

DTAG 1 
NOSIS 
ANTE 
ItORTEM | 

ADDITIONAL findings at 
AUTOPSY 


Swk 

Right middle and lower 
lobe lobectomies for ob 
struct ive emphysema, 
anomaly of pulmonary 
arterj not recognized 

6 mo 

No 

Bilatcr il obstructive emphy 
sema, rt subclavian and rt 
and left common carotids 
arose from innominate arterj 


11 wl 

14 wk 

Right exploratory tliora 
cotomy, anomalj of 
pulmonary artery not 
recognized 

Right exploratorj thora 
cotomy, anomalous 
pulmonary artci j 
thought to be a patent 
ductus and ligated 

4 mo 

No 

Complete cartilaginous rings 
trachea, rt upper lobe 
arterj from left pulmonary 
arterj, persistent left 
superior \ uia cava entering 
coronary sinus, ostium sccun 
dum defect, epiartonal right 
upper lobo bronchus 

id not demon 
tratc anomalous 
pulmonarj artery 


None 

4yr, 

11 mo 

No 

Tetralogj of Fallot v ith pulmo 
narj atresia, ostium ^ecun 
dum defect, right aortic arch 
patent ductus arteriosus, per 
sistent left supcnoi vena cava 
into coronan sinus, single 
lobed lcftluug, rt upper lobe 
arterj from left pulmonarj 
arterv 


2 mo 

Right exploratory thora 
cotomy, anomalous 
pulmonary artery 
thought to be anoma 
lous aortic arch and 
ligated 

2 mo 

No 

Ostium secundum defect, patent 
ductus artci iosus, cartilagi 
nous rings, absence of gall 
bladder 


Associated congenital anomalies aie noted m Table I Of the 12 cases 
examined postmortem, complete tiaclieal cartilaginous nngs vvcie piesent ni 3, 
ulnle 4 patients had peisistent left supcnoi icna caia Foui patients (Oases 
VI, XI, XIV, XV m Table I) had congenital caidiae anomalies, while 2 addi¬ 
tional infants (Cases V, XII) had anomalies of the s\steinic aitenal sjstcni 
The embrjologic origin of this defect is unknown The deielopment of the 
left pulmonarj arterj fiom otliei than the usual channels of the piimitne 
lasculai plexus, nlnch is the foiciunnci of the aortic arches, might lead to such 
an anomalj If this is tine, the malfoimation dates fiom the fifth oi sixth week 
of fetal life Many of the associated anomalies listed in Table I, including % ena 
caval anomalies, cleft palate, and impcrfoiate anus, piobabh date fiom the same 
stage of dei elopment 

Suigical collection of tins anomah is aclueied by dnidnig the abcuant 
pulmonarj aiteij and le anastomosing it m fiont of the tiacliea This was done 
successfullv m 2 of the 8 cases m which opciation was perfomied (III and VII 
—Table I) Impioiement m pieopeiatne diagnosis and bettei undoistanding 
of the anomali at the opeiatmg table should meiease the success rate maikcdh 
A light anteiolateial appioacli gives the optimum exposme The arvgos 
vein and pleura must be divided along the tracheoesophageal gioovo Tailuie 
to do this has resulted in failuie to see the anomaly m seveial cases Fig 7 
shows the vessel as seen from tins approach The point of oiigm from the mam 
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pulmonary artery cannot be visualized in this limited dissection, consequently 
the vessel has been mistaken for part of an aortic ring anomaly. This should 
not be a source of confusion. To our knowledge, virtually the only other vessel 
which passes between the trachea and the esophagus is an aberrant subclavian 
artery 11 ; this vessel does not encircle the trachea and is at a higher level. 

In Case III, lugh pressure and the aspiration of arterial blood led to the 
division of the vessel with the presumptive diagnosis of double aortic arch. The 
explanation for this became apparent at postmortem examination. A patent 
ductus arteriosus emptied from the aorta into the main pulmonary artery just 
proximal to the origin of the aberrant left pulmonary artery. A large secundum 
atrial septal defect was also present, perhaps permitting additional right-to-left 
shunt. 

The anastomosis must be done with great rapidity since the right lung is 
often compromised. Hypothermia might offer additional protection during 
performance of the anastomosis. 

SUMMARY 

Aberrant left pulmonary artery should be considered in the differential 
diagnosis of all infants with persistent stridor. In this condition, the left 
pulmonary artery arises in the right mediastinum and passes posteriorly between 
the trachea and esophagus to the left lung, resulting in obstruction of the 
trachea or right main-stem bronchus. 

Fifteen cases of this anomaly are summai’ized. Diagnosis can be readily 
established by combined tracheo-esopliagram. Surgical correction is discussed. 

The authors wish to thank Dr. John Catfey and Dr. Sidney Blumenthal for their advice 
and encouragement in the preparation of this manuscript. 
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A COMPARATIVE STUDY OF HEPARIN NEUTRALIZATION AND 
THE DANGER OF BLOOD CLOTTING ABNORMALITIES 
WITH PROTAMINE AND POLYBRENE 

Murray N. Andersen, Al.D.,* Marianne Mendelow, and 
Guy A. Alfano, Al.D., Buffalo, N. Y. 


T he rapid increase in use of extracorporeal circulation has emphasized the 
need for optimum control of antieoagulation and coagulation of blood. 
Although protamine sulfate will completely neutralize heparin, it has a specific 
anticoagulant action of its own and has been incriminated as a possible cause 
of clotting abnormalities after perfusion 1 ' 1 ; a certain incidence of undesirable 
systemic reactions has also been recorded. A drug with equal heparin-neu¬ 
tralizing properties, but which could be used 110111 greater safety, would be 
highly desirable. Polybrene,t a polymeric quaternary ammonium salt, has 
recently been proposed as such an agent and studies have been performed 
indicating that it will produce satisfactory neutralization of heparin 5 ' r ; how¬ 
ever, data on its in vivo anticoagulant activity have not been presented, and 
the quantitative aspects of heparin neutralization in comparison with prota¬ 
mine have not been well defined. 

In a series of animal experiments, Polybrenc and protamine sulfate were 
compared with respect to effectiveness of heparin neutralization and neu¬ 
tralizing dosage levels, and quantitative studies were performed of in vivo 
anticoagulant effect of each drug at dosage levels within the range commonly 
employed clinically. 


METHODS 


Adult mongrel dogs were lightly anesthetized with intravenous Pontotlml 
and plastic cannulae were introduced through the femoral veins into the 
inferior vena cava for blood sampling. Before collection of each sample the 
cannulae were flushed by preliminary withdrawal oi olood. 

Heparin neutralization was estimated by titrations 1 using protamine or 
Polybrenc, respectively, and the clotting time was measured simultaneously 
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with each titration by a three-tube Lee-White technique. The titration was 
used to indicate the relative degree of neutralization of heparin or excess of 
the neutralizing agent and the coagulation time was used as a more precise 
quantitative measure of the clotting time. 

design of experiments 

Adult mongrel dogs in pairs of similar weight were selected at random. 
Experiments were performed using Polybrenc in one dog of each pair and 
protamine* in the other, with each of the stages of the experiments carried 
out at identical times. This technique seemed satisfactory from the stand¬ 
point of providing comparative information on the relative effect of the two 
drags at risk. 

Studies were performed in 20 animals with protamine and in a con¬ 
comitant group of 20 animals with Polybrene. In each animal, a control titra¬ 
tion was performed and clotting time determined and then heparin,t 2.5 
mg. per kilogram, was administered intravenously. Fifteen minutes after the 
administration of heparin, the titration was repeated and coagulation time 
determined, followed immediately by the intravenous administration of a 
predetermined amount of neutralizing agent. At subsequent 15-minute inter¬ 
vals, repeat titrations were performed and coagulation times determined and 
additional amounts of the neutralizing agents were given until a total dose 
equal to 200 per cent of the original heparin dose by iveight was reached. 
In each pair of experiments, identical amounts of protamine and Polybrene 
were given at each stage, calculated on a body-weight basis. 

results 

The qualitative results in each group are given in Tables I and II. Signifi¬ 
cant inhibition of clotting by the heparin-neutralizing agent was considered 
to be present only in those animals in which titration indicated an excess 
and the clotting time was increased by 5 minutes or more above either the 
control level or the lowest post-neutralization level. For this evaluation a 
clotting time within 5 minutes of control levels was considered as demon¬ 
strating satisfactory neutralization. By this standard, 12 of 20 dogs in which 
heparin was neutralized by protamine showed inhibition of clotting due to 
protamine. Inhibition occurred chiefly at dosage levels of 150 to 200 per cent 
of the original heparin dose by weight. In the Polybrene-treated dogs, inhi¬ 
bition of clotting occurred in 11 of 20 dogs, with the majority of instances 
of inhibition occurring at the 150 per cent and 200 per cent dosage levels. 
There was no significant difference between protamine and Polybrene in the 
incidence of inhibition of coagulation. 

•Protamine sulfate injection, 1 per cent, was used in all experiments. (Supplied by Eli 
Lilly Co.. Indianapolis, Ind.) 

tHeparin sodium, 1,000 units per cubic centimeter (10 mg.), was used in all experiments. 
(Supplied by Abbott Laboratories, Chicago, III.) 
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Table I* 


EXPERI- 


POLYBRENE DOSAGE IN PER CENT OF HEPARIN GIVEN 


NUMBER 

50% 

| 75% | 90% | 100% | 125% | 150% 

| 200% 


9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Totals 


1 


0 

» 0 


9 

11 


indicates heparin excess as determined by titration (0) indicates complete neu¬ 
tralization of heparin with clotting time essentially normal (+) indicates protamine excess 
with clotting time prolonged more than 5 minutes above control or lowest post-neutralization 
time 


Table II* 


EXPERI¬ 

MENT 

NUMBER 


50% 


1 — 

2 0 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


PROT\MINE DOSAGE IN PER CENT OF HrPARIN OIVFV 

75% 1 90% | 100% | 125% 1 150% | 



200 % 


0 


0 


0 

0 

+ 

+ 

0 


Totals 

1 

0 1336398 

+_2_ S 12 


*(-) indicates heparin excess as determined by titration (0) Indicates complete neu¬ 
tralization of heparin with clotting time essentially normal (+) Indicates protamine excess 
with clotting time or lowest post-neutralization time 
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The mean increase in clotting time above optimum levels, as deter min ed 
by the three-tube coagulation time, was 5.5 minutes in the group treated with 
protamine and 7.7 minutes in the group receiving Polybrene (Table III). 
In each case this is a significant increase in coagulation time as compared 
to control levels (0.01 > P > 0.001). However, the difference between prota¬ 
mine and Polybrene is not significant (0.40 > P > 0.30). Protamine did not 
produce prolongation of clotting times of the magnitude seen in several ex- 
pei-iments with Polybrene (Experiments 6, 13, 18). 


Table in. Increase in Clotting Time Above Control Levels (in minutes)* 


EXPERIMENT number I 

PROTAMINE j 

POLYBRENE 

1 

+10 

+ 7.5 

2 

0 

0 

3 

+16 

0 

4 

+ 6.5 

0 

5 

0 

+ 8 

6 

+18 

+29 

7 

+ 6.5 

0 

8 

0 

+ 8.5 

9 

0 

0 

10 

+ 5.5 

0 

11 

0 

+ 7 

12 

+15 

+13.5 

13 

+ 7.5 

+26.5 

14 

+ o.O 

+ 7.0 

15 

+ 6.5 

0.0 

16 

0.0 

+14.0 

17 

0.0 

0.0 

18 

+ 5.0 

+19.0 

19 

+10.0 

+15.0 

20 

0.0 

0.0 

Mean 

5.5 

7.7 

S.D. 

7.7 

11.5 

S. D. Mean 

1.73 

2.6 


*In each, instance the maximum increase in clotting time above control levels is recorded. 
This increase usually, but not always, occurred at the maximum level of protamine admin¬ 
istration. 


"With each drag, dosages of 75 per cent or more by weight of the original 
heparin doses consistently produced complete neutralization of the heparin 
and restored the clotting time to normal. 

DISCUSSION 

A close examination of data in published studies on the neutralization of 
heparin by protamine or Polybrene indicates that it is not uncommon for the 
clotting time to fail to return entirely to normal levels after apparently 
adequate neutralization. Abnormal coagulation of the blood has also been 
noted frequently after neutralization of heparin following total body per¬ 
fusion with an artificial pump-oxygenator, even though titration tests elimi¬ 
nate inadequate heparin neutralization as a cause for the observed abnor¬ 
mality in clotting. 

Although the potential danger of protamine as a specific anticoagulant 
has been mentioned as a possible cause of this abnormality, 1 ’ 4 quantitative in 
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vivo studies of this potential hazard have not been presented. Similarly, 
although Polybrene has a known anticoagulant effect in vitro, 6 there has been 
no quantitative data from in vivo studies. Previous experimental studies 1 
on the activity of heparin and aspects of protamine neutralization have demon¬ 
strated that it is not uncommon to have protamine inhibition of clotting after 
administration of doses comparable to those used clinically. Although the 
resultant defect in coagulation is ordinarily small, it may be great enough to 
produce abnormal bleeding. 

The present studies and others 1 - 3 suggest that the commonly used neu¬ 
tralizing dosages of 100 per cent to 200 per cent by weight of the heparin 
given may be unnecessarily large and, in fact, hazardous. Further, in these 
studies the initial neutralizing dose was given only 15 minutes after adminis¬ 
tration of heparin; with the passage of time there is a rapid decrease in the 
active heparin level, so that progressively smaller amounts of neutralizing 
drugs are required to restore normal blood clotting. 1 

In our initial experimental experience with Polybrene, it appeared that 
a more normal coagulation time, was obtained than ivith protamine. This 
observation seems to be explained by the smaller amounts of Polybrene which 
we used, 0.7 to 1.0 times the amount of heparin given. Since the heparin¬ 
neutralizing properties of the two drugs are approximately equal by weight, 
use of a larger dose with one or the other will tend to produce a propor¬ 
tionately greater incidence of inhibition of clotting due to excess. The data 
obtained in these comparative experiments do not indicate any significant 
difference between Polybrene and protamine, either in effectiveness of heparin 
neutralization or in tendency to produce inhibition of blood clotting ivith 
excessive doses. 

Although these data may not be directly applicable to the post-perfusion 
state, they suggest that a more cautious use of these drugs in neutralizing 
heparin after extracorporeal circulation may lesson the incidence of unex¬ 
plained abnormalities in bleeding and clotting. 

SUMMARY 

1. A comparative experimental study of in vivo heparin neutralization 
and production of inhibition of blood clotting by protamine and Polybrene 
was carried out in dogs. 

2. Dosages of 75 per cent or more by weight of the original heparin dose 
were consistently sufficient to produce complete heparin neutralization with 
either protamine or Polybrene. 

3. Both protamine and Polybrene produced significant elevation of coagu¬ 
lation time above control levels in over 50 per cent of these experiments. The 
abnormalities of clotting occurred chiefly at dosages of 150 to 200 per cent 
of the heparin dose by weight, well within the range in common clinical use 
for heparin neutralization. This dosage ratio is unnecessarily large for opti¬ 
mal neutralization. 
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4. The increase in coagulation time produced by these drugs in the 
dosages used were small compared to that produced by heparin. Nevertheless, 
it may be sufficient to cause significant bleeding. 

5. No definite superiority of either drug was evident in the parameters 
tested. 
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THE EFFECT OF 2 PER CENT CARBON DIOXIDE ON pH 
AND pCCL DURING EXTRACORPOREAL CIRCULATION 

Peter H Vtles,* Jay L Ankeney, M D, and 
Louia M Cox, B S, Cleveland, Ohio 

C arbon dioxide is routinely added to artificial oxygenatois during extra 
coipoieal perfusion, and jet, tlieie is no evidence to indicate that this is 
necessarj Bjork 1 observed an uncompensated caibon dioxide deficit with an 
increase m pH when the brain alone was perfused with 100 pei cent oxygen 
m the oxygenatoi Stokes and Gibbon" showed similai changes dining le 
circulation pnoi to perfusion Howeiei, they also obsened that when the am 
mal’s metabolic carbon dioxide had to be i emo\ ed, the use of 100 pel cent oxygen 
proied necessary to wash out this caibon dioxide and keep the pH within a 
normal physiologic range Mendelsohn and his associates 3 warned against ex 
cessive “caibon dioxide wash out” dunng perfusion with 100 pel cent oxjgcn 
We, on the other hand, obsened m the laboiatoij r that piolongcd perfusion 
utilizing 100 per cent oxygen in the oxygenatoi did not icsult m this so called 
‘carbon dioxide wash out ” Therefoie, we elected to omit carbon dioxide m a 
series of patients and compared the results from this gioup with the lesults 
obtained m patients in whom 2 per cent carbon dioxide was added to the 
oxygenatoi 

METHODS 

Data were obtained from 5G patients undeigoing 57 sepaiato perfusions In 
35 pei fusions, 100 per cent oxygen was passed through the oxygenator, m the ic 
maimng 22 cases, a mixture of 98 pei cent oxj gen and 2 per cent carbon dioxide 
was used at flow lates of 8 to 10 L per minute All patients were pei fused with a 
rotating disc oxygenator 4 Duration of total cardiopulmonan bjqinss langed 
from 9 to 92 minutes Flow rates railed between 50 cc per kilogiam per 
minute (adults) and 140 cc per kilogiam per minute (small children) and 
aveiaged 80 c c per kilogiam per minute The ages of the patients railed fiom 
2 5 to 61 years and tlieir weight from 12 2 to 80 05 kilograms 
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The blood was initially oxygenated with room air by slowly revolving the 
discs through the priming volume in the oxygenator. No gases were passed 
through the oxygenator until just prior to the start of perfusion. In this way, 
low initial carbon dioxide tension in the extracorporeal circuit was avoided. 

Arterial and venous blood samples were obtained from the extracorporeal 
system at the staid and finish of the period of total cardiopulmonary bypass. In 
addition, pre-perfusion samples were obtained from 18 patients. Samples were 
kept under oil in a buffered fluoride solution at 4° C. until analyzed within a 
few hours. Oxygen and total carbon dioxide were measured after Van Slylce 
and Neill. 5 A Cambridge Research Model pH meter was used to measure blood 
pH. All values were corrected to 37° C. Blood pC0 2 was calculated from pH 
and total carbon dioxide according to the nomogram of Van Slyke and Sendroy. 5 
The electroencephalogram and electrocardiogram were monitored continuously 
during perfusion. 



12 t II 8 8 2 £ 2 HO. Of COtSI 



10-20 20-30 30-40 40-30 

min. min. min. min. 

Fig-. 1.—Change in pH and PCO 2 as related to perfusion time. 

RESULTS 

Data relating to perfusion are summarized in Table I. The average fall 
in arterial pH during perfusion in the cases in which 100 per cent oxygen was 
employed was from 7.39 to 7.35 while pC0 2 increased slightly from 23.8 to 24.1 
mm. Hg. In the second group in which 2 per cent carbon dioxide was added 
during perfusion, the arterial pH fell from 7.32.to 7.23 at the same time that 
the pC0 2 rose from 31.3 to 38.6 mm. Hg. The higher initial value of pC02 
observed in this second group is explained by the fact that extra carbon dioxide 
had been flowing into the oxygenator for several minutes during the period of 
partial perfusion and before the blood samples were obtained. There was a 
significant difference in the changes in these two groups. 

The effect of duration of perfusion is shown in Fig. 1. When no carbon 
dioxide was added, lengthening perfusion did not result in a fall in pC0 2 or 
in a progressive fall in pH. In contrast, when carbon dioxide was added, in¬ 
creasing perfusion time up to 50 minutes resulted in an increase in pC0 2 and 
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a decrease in pH. In 3 cases, not included in this figure, in which perfusion 
lasted over an hour and 100 per cent oxygen was used, there was no significant 
change in either pH or pC0 2 . 

The relation between pH and pCOo in the final arterial sample is shown 
in Fig. 2. In 30 of the 35 perfusions in which no carbon dioxide was added, 
the pH was greater than 7.30 and the pC0 2 was less than 30 mm. Hg in all but 
one. Four patients in this group showed a final pC0 2 of less than 20 mm. Hg. 
All 4 patients, however, started with a low pC0 2 due to hyperventilation by the 
anesthesiologist prior to perfusion and all 4 survived without complications. In 
all 35 cases, the electroencephalogram remained normal. In 19 of the 22 per¬ 
fusions in which 2 per cent carbon dioxide was added during perfusion, the pH 
fell below 7.30. In all 22 cases the pC0 2 was greater than 30 mm. Hg. 



7.15 725 7.55 795 755 

pH 

Fig-. 2.—Relation between arterial pH and pCOi at tlie finish of perfusion. 

In patients in whom a respiratory alkalosis was created by hyperventilation 
before perfusion, the pH tended to return to normal values, but the pCO. re¬ 
mained low if 100 per cent oxygen was used. If carbon dioxide was added, the 
pH fell as the carbon dioxide rose. 

Table I. Average Change in pH and i*CO, During Extracorporeal Circulation 
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DISCUSSION 

Using the same oxygenator as Mendelsohn and his co-workers, 3 we have not 
been able to confirm their observation that “if carbon dioxide is not added to 
the oxygenator, a marked respiratory alkalosis occurs, with carbon dioxide ‘wash¬ 
out’.” 7 To the contrary, our observations in patients show that carbon dioxide 
tension in arterial blood is maintained at nearly constant levels when carbon 
dioxide is omitted. DeWall, 8 Ilelmswortli 9 and their co-workers have also ob- 
served minimal change in pC0 2 during perfusion. The slight fall in pH in the 
patients in whom 100 per cent oxygen was used is consistent with the known 
development of metabolic acidosis that occurs during perfusion, irrespective 
of the type of oxygenator employed. 3 ' 8> 10> u > 12 That this fall in pH was 
minimal in these cases is probably related to the high perfusion rates used in 
this series. Addition of carbon dioxide during perfusion does not compensate 
for this metabolic acidosis but, by superimposing a respiratory acidosis depresses 
pH even further. 

The constancy of the arterial pC0 2 when 100 per cent oxygen is used is 
difficult to explain. Mechanical factors of the oxygenator can be excluded since 
no change in pC0 2 was noted whether perfusion was maintained at 1,200 or 
2,600 c.c. per minute or for 9 or 60 minutes with the same sized oxygenator at 
the same oxygen flow rate. The possibility arises, therefore, that there is an in- 
rinsie mechanism in the blood buffer systems (hemoglobin, plasma proteins, 
phosphate, etc.) that maintains carbon dioxide tension imder the conditions of 
total body perfusion. 

The low pC0 2 observed in some of our patients and also in those reported 
by Mendelsohn 3 was due to hyperventilation by the anesthesiologist prior to per¬ 
fusion. Carbon dioxide tension can be maintained by controlling repiration, 
avoiding hyperventilation by the anesthesiologist, and by passing oxygen through 
the artificial lung only during the period of perfusion. It is of interest that 
even in those patients in whom pC0 2 was less than 20 mm. Hg, no electro- 
eneephalographic abnormalities were observed and all these patients survived. 
The clinical observations herein reported support experimental evidence that 
cerebral circulation during perfusion is not significantly affected by the pC0 2 
level. 13 ' 14 

CONCLUSIONS 

This clinical study shows that the use of 100 per cent oxygen in an artificial 
oxygenator does not result in pC0 2 washout. In fact, the pC0 2 remains constant 
under these conditions and minimal pH changes occur. 

On the other hand, addition of carbon dioxide results in a rise in pC0 2 
and thereby adds a respiratory acidosis to the metabolic acidosis occurring 
with perfusion. It is, therefore, concluded that it is not necessary and, in fact, 
may be detrimental to add carbon dioxide to artificial oxgenators during extra¬ 
corporeal circulation. 
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SIMPLIFIED FLOW DETERMINATION, VOLUME CONTROL, 
AND BLOOD REPLACEMENT IN THE ROTATING 
DISC OXYGENATOR 

Robert S. Cartwright, M.D., and William E. Palich, D.V.M., 

Albuquerque, N. Mex. 

M echanical disadvantages in operation of the Kay-Cross oxygenator 1 in 
combination with the De Bakey roller pumps have been observed by us in 
clinical and laboratory perfusions. These deficienees include: 

1. Rapid changes in oxygenator reservoir fluid level which may be associated 
with (a) going on bjqiass, (b) going off bypass, (e) initial removal of blood 
"■ from within a large heart and the reverse situation when cardiotomy is closed, 
'd) blood loss in operative field, (e) caval cannula occlusion, and (f) use of a 
-•sopressor. 

2. Interference with oxygenator efficiency when fluid level changes within 
oxygenator. (This can be disastrous if volume change is sudden and large, a 
situation not infrequent at high flow rates in adults.) 

3. Difficulty in rapidly removing or adding blood to oxygenator reservoir 
in event of fluid fluctuations. 

4. Difficulty in accurately determining output of partially occlusive roller 
pumps. 

5. Inability to determine accurately pre-perfusion and post-perfusion 
volume in oxygenator reservoir because of large cross-sectional area. 

6. Occasional formation of small surface bubbles in oxygenator reservoir. 
Minor modifications designed by one of us (R.S.C.) have virtually elimi¬ 
nated these problems in our artificial heart-lung: (1) gravity drainage of 
caval blood to a vertical receiving reservoir of large capacity (2,650 c.c.) but of 
small cross-sectional area (1 cm. fluctuation = 50 c.c. or with central obturator 
1 cm. fluctuation = 25 c.c.) (Fig. 1), and (2) addition of an overflow tap at 
the desired blood level in the arterial end-plate (Fig. 2). 

With these adjuncts a drainage line between the overflow tap and the 
receiving reservoir bleeds back excess blood, and constant oxygenator reservoir 
volume is automatically obtained by simply maintaining the output of the 
venous pump slightly greater than that of the arterial pump (Fig. 3). Prior 

From the Department of Surgical Research, Lovelace Foundation for Medical Education 
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A B 

Fig: 1 — A. Gravity drainage recei\ ing reservoir Pj rex glass cylinder is 61 
with an internal diameter of 8 cm Taps on base plate are used for ( 1 ) caval cannula 
(2) venous pump line (3) o\erflow line and (4) left atrial drainage Intracardiac 
turned through tap on reservoir head is directed to flow down side of reservoir 
B, Central obturator increases accuracj if desired in small patients 


r~ 



Fig 2—Prototype model arterial end plate with rectangular over-flow tap 4 bj 
in size Lower edge of tap is at height of desired blood level, and inner border is 
slightly to avoid hold up due to surface tension 


cm long 
drainage, 
blood re- 


1 5 cm 
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SIMPLIFIED FLOW DETERMINATION, VOLUME CONTROL, 
AND BLOOD REPLACEMENT IN THE ROTATING 
DISC OXYGENATOR 

Robert S. Cartwright, M.D., and William E. Palicb, D.V.M., 

Albuquerque, N. Alex. 

M echanical disadvantages in operation of the Kay-Cross oxygenator 1 in 
combination with the De Bakey roller pumps have been observed by ns in 
clinical and laboratory perfusions. These deficiences include: 

1. Rapid changes in oxygenator reservoir fluid level which may be associated 
with (a) going on bjqiass, (b) going off bypass, (c) initial removal of blood 
from within a large heart and the reverse situation when cardiotomy is closed, 
) blood loss in operative field, (e) eaval cannula occlusion, and (f) use of a 
-opressor. 

2. Interference with oxygenator efficiency when fluid level changes within 
oxygenator. (This can be disastrous if volume change is sudden and large, a 
situation not infrequent at high flow rates in adults.) 

3. Difficulty in rapidly removing or adding blood to oxygenator reservoir 
in event of fluid fluctuations. 

4. Difficulty in accurately determining output of partially occlusive roller 
pumps. 

5. Inability to determine accurately pre-perfusion and post-perfusion 
volume in oxygenator reservoir because of large cross-sectional area. 

6. Occasional formation of small surface bubbles in oxygenator reservoir. 
Minor modifications designed by one of us (R.S.C.) have virtually elimi¬ 
nated these problems in our artificial heart-lung: (1) gravity drainage of 
caval blood to a vertical receiving reservoir of large capacity (2,650 c.c.) but of 
small cross-sectional area (1 cm. fluctuation = 50 c.c. or with central obturator 
1 cm. fluctuation = 25 c.c.) (Fig. 1), and (2) addition of an overflow tap at 
the desired blood level in the arterial end-plate (Fig. 2). 

With these adjuncts a drainage line between the overflow tap and the 
receiving reservoir bleeds back excess blood, and constant oxygenator reservoir 
volume is automatically obtained by simply maintaining the output of the 
venous pump slightly greater than that of the arterial pump (Fig. 3). Prior 
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to bypass, blood is cycled allowing one to deteimine variations of the fluid 
level m the leecmng lesenon due to build up oil the upturn side of the discs 
and at the venous end of the owgenatoi leseivoir These volumes are usuallv 
small but mav be considered when icgnlatmg extiacoipoieal volume during 
bvpass Vaintion in extiaeoiporeal volume is then reflected in the lecciving 
leseivou vvlieie the accuracy of measuiemcnt equals that of a graduated 
cjlindei m which 1 cm equals 50 ee volume In children, the central obtuiator 
mav he added, a shoitci, smallei volume leseivou utilized, and leading ac 
cuiacj increased with a centimetei fluctuation equaling 25 cc (Pig 1, B) 
An inexpensive pullev system permits eontiol of receiving reservoir height with 
vaimtion of amount of negative venous line piessuic as desued 

Immediate automatic replacement of opciative blood loss up to 2,000 cc 
occurs since this blood is eained m the receiving reservoir once bypass is 
established Additional blood can be lapidlv added fiom the donor leservoir 

Since input and output lesistancc is known when pumping fiom a receiving 
leservou to an owgenatoi leseivou where volume is constant, the paitially 
occlusive venous pump piopeilv ealibiatcd pnoi to bypass becomes a leliable 
flow meter Tig 4 shows the lineal lelationship between pump speed and pump 
output undci these eircustances Measurement has shown the volume passing 
thiougli the overflow tube dining bypass to be 60 c c of blood pel minute when 
a small tiielJe is maintained The actual volume can be deteimmed by clamping 
the ovetflow line and measunng the time volume lelationship Naturally, the 
overflow volume is consideicd when calculating the aiteml pump output on 
the basis of the venous pump revolutions pel minute 

An unexpected advantage is that the overflow tap system efficiently removes 
the bubbles which form on the suiface of the fluid level of the oxygenator 
vvlieie the discs enter the blood * 

Use of this svstem in bvpass pioceduics has been unifoimly satisfactoiy 
An extremely accurate blood balance, avoidance of undesirable fluid fluctuations 
within the oxygenatoi leservoir, and immediate leplaeemcnt of blood loss have 
maternally induced souices of human enoi m the o] ration of this appaiatus 
The set up avoids the undesnable ngiditv of electrn tl regulating systems and 
peimits control utilizing the ccntial venous piessuie inrametei 

suviviarx 

1 Mechanical opeiation of the Ivav Cioss oxygenatoi with paitially oe 
elusive Do Bakov lollei pumps has been simplified by (a) giavitv diamngc 
to a vertical ieceivmg leseivou ot small diamctci but laige capacity, and (b) 
addition of an oveiflow tap to the ai tonal end pi itc of the oxvgenatoi reseivon 

2 These modifications have resulted m (a) accuiate cxtiacoipoieal volume 
deteimination, (b) automatic volume eontiol within the oxygenatoi reservon, 
(e) immediate blood leplaeemcnt of up to 2,000 c e in the event of sudden blood' 
loss, ( d) leliable flow deteimination utilizing the partially occlusive venous 

•Direction or disc rotation maj require re\ersal in certain commercially a\a!lable sttiim., 
since It desirable to have the lower more stable le\cl facing the pump operator >stet,,s 
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pump, (e) removal of surface bubbles by way of the overflow tap, (f) transfer 
of fluid fluctuations to the noncritical receiving reservoir, (g) avoidance of the 
undesirable rigidity of electrical regulating systems, and (h) ready control of 
venous line negative pressure. 
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A SYSTEM FOR HYPOTHERMIC PERFUSION 

Nazih Ztthdi, M.D.,* Garman Kimmell, John Montroy, M.D., John Carey, 
M.D., and Allen Greer, M.D., Oklahoma City, Okla. 

T he combination of hypothermia and total body perfusion has many de¬ 
sirable features. 1 ' 7 Rapid changes in the temperature of blood are accom¬ 
plished by heat exchangers interposed in a heart-lung machine circuit.' 17 A 
new simple technique of internal cooling and warming is described, its safety 
features discussed, and its advantages stressed. 

DESCRIPTION OP APPARATUS FOR INTERNAL COOLING AND WARMING OF BLOOD 

Internal cooling is accomplished by pumping water at 4° C. countercur- 
rently through a 325 cm. long, 22-gauge, stainless steel spiral inserted in the 
Mayon helix of a DeWall-Lillchci heart-lung machine (Pig. 1). The latter is 
not immersed in the customary water jar, as the heat exchange across the 
Mayon tubing is minimal. 8 This system is inexpensive, plain in design, easily 
assembled, and simply cleaned. The blood and water circuits are completely 
separated and the heat transfer coefficient compares favorably until the Brown 
exchanger. 7 The priming volume of the helix is reduced without altering the 
efficiency of the system as a bubble separator. 

The internal wanning device, in addition, consists of stainless steel tubes 
bent in the shape of hairpins and placed in the venous reservoir (Pig. 2). Pig. 
3 is a diagram of the cooling and warming system used with a DeWall-Lillehei 
bubble oxygenator for total body perfusion. 

TECHNIQUE OF HYPOTHERMIC PERFUSION FOR OPEN HEART SURGERY 

External cooling is earned out during the preparatory phase of surgery, 
and internal cooling is started when cannulation of both venae cavae and femoral 
artery is completed. The perfusion rate is preset at 20 c.c. per kilogram of body 
weight and heparin, 1.5 mg. per kilogram of body weight, is given intravenously. 
At an intraesophageal temperature of 30° C., the aorta is clamped distal to 
the coronary ostia for periods of 15 to 25 minutes at a time during the repair 
of the intracardiac defects. Warming is started a few minutes before the an¬ 
ticipated termination of the corrective procedures and the temperature is usu¬ 
ally about 3G° C. by the time the chest is closed. Polybrcnet is usd to counter¬ 
act heparin. 

From the Cardiovascular Section, Mercy Hospital, Oklahoma City, Okla. 

Received for publication July 20, 1959. 
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EXPERIMENTAL DATA 

Extensive investigation preceded the experimental and clinical adoption of 
this technique and will be reported separately. . Consistent survival was ob¬ 
tained in a consecutive series of 8 dogs following 30 minutes of aortic occlusion 
at 20° C. and right ventriculotomy. 

CLINICAL DATA 

The clinical data on the first 7 consecutive patients who underwent hypo¬ 
thermic perfusion by the technique described are summarized in Tables I-III. 


Table I. Clinical Data on 7 Patients Who Underwent Hypothermic Perfusion 


PATIENT 

| AGE 

1 (YR.) 

WEIGHT 

(kg.) ; 

| DIAGNOSIS 

FLOW RATE 
(C.C./KG. 
BW/MIN.) | 

TOTAL BLOOD USED 

1 

31 

70 

I.A.D.* 

20 

3,500 

2 

43 

50 

I.A.D. 

20 

3,000 

3 

4 

16.3 

T.O.F.t 

20 

2,500 

4 

14 

35 

T.O.F. 

20 

7,000 

(Blood loss through a 
patent ductus ar¬ 
teriosus) 

5 

4 

14.5 

Pulmonary valvular and 
infundibular stenoses 

20 

2,000 

6 

11 

43 

I.A.D.; explored for 
possible pulmonary 
stenosis 

20 

2,000 

7 

35 

43 

Mitral commissurotomy 

20 

2,750 


♦Interauricular defect. 
fTetralogy of Fallot. 


Table II. Hypothermic Perfusion Data on 7 Consecutive Patients 


PATIENT 

TOTAL PER¬ 
FUSION TIME 
(MIN.) 

DURATION OF 

AORTIC OCCLU¬ 
SION 
(MIN.)* 

DURATION OF 

CARDIAC REPAIR 
(MIN.) 

1 TEMPERATURE 

RANGE DURING 
AORTIC OCCLUSION 

i 

38 

151 

22 

27° C.-30° C. 

2 

41 

131 

20 

29° C.-30° C. 

3 

69 

221 

50 

26° C.-30° C. 

4 

121 

66 (20, 23, 7 
and 16)| 

110 

27° C.-30 0 C. 

5 

124 

01 

33 and 30 

23.5° C.-31 0 C.§ 

6 

75 

24 (18, 6)t 

41 

27° C.-30 0 C. 

7 

38 

18t 

28 

26° C.-30° C. 


♦Figures between parentheses indicate, in minutes, periods of successive aortic occlusion. 
fVentricIes continued to beat regularly. 

^Ventricular fibrillation that responded immediately and reverted to regular rhythm upon 
allowing coronary flow and applying a single shock of 110 to 135 volts for 0.1 second. 
§During cardiac repair. 


DISCUSSION 

The advantages of this technique for hypothermic perfusion and intra¬ 
cardiac surgery are multiple. The system is clean, inexpensive, locally ac¬ 
cessible, and dependable. It decreases the priming volume and preserves all 
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the features of the DeWall helix. The low flows permitted at these reduced 
temperatures slow down the “tempo” and allow for lengthy perfusions and 
rather prolonged periods of repeated aortic occlusions. This offers virtually 
an empty heart and abolishes the fear of air embolism. The ventricles usually 



Flff. 1 JFjff, 2 

Fig- 1.—Stainless steel inner helix, a component of the heat exchanger 
Fig 2—Stainless steel “hairpins” inserted in the \enous icservoir—the second com¬ 
ponent of the heat exchanger. 



Fig 3—A diagram of the entire heat exchange system 


























Table III. Some Physiologic Data on 7 Consecutive Patients Who Underwent Hypothermic Perfusion 
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fibnllate after about 15 minutes of anoxia but leveit promptly to a regular 
rhythm upon release of the aorta and applying a single shook of 110 to 135 
volts foi 01 second Electiocaichograms levealed no signs of ischemia oi m 
faiction at the end of the perfusion oi postopeiatively Eleetroenceplialogi ams 
lcmained essentially unchanged duung the caidiopulmonary hjpass The 
peripheral oxjgen satuiations as measiued with an eaipiece usually read above 
90 pei cent (see Table III) All patients did well except a patient (No 3) 
who died in the second postopeiative day aftei apparently doing well Autopsj 
i evealed a disruption of the repau of the mterv enti lcular defect 


SUMMARY 

A simple sjstcm foi open heart surgery, consisting of hypothermic peifusion 
and aortic occlusion, is described 

Thanks are due for the unselfish help of Sister Mar} Alvera, Modme Pierce, and John 
Mon troy, Jr 

ADDENDUM 

Since the submission of this paper, our system was changed to consist of onlj the 
inner stainless steel helix for heat exchange Both the mattress and the hairpin shaped stain 
less steel tubes have been eliminated Up to this date (Feb 11, 1960), 38 pitients had 
various heart defects repaired until this technique until 30 consecutive surmals Patient 
2 died 4 months after surgery and autops\ revealed an intact interatrial repair and acuto 
pancreatitis Patient 3 died on the second postoperative day and autops} revealed disruption 
of the interventricular repair Patient 8 died an the third postoperatne day and autops} 
disclosed intact cardiac repair and severe bilateral pneumonia Both patients had tctralog} 
of Fallot 

REFERENCES 

1 Gollnn, F, Bios, P, and Schuman, H Exclusion of Heart and Lung From the Circula 

tion of Hypothermic, Closed—Chest Dogs by Means of a Pump Ox}genator, J Appl 
Ph}siol 5 180, 1952 

2 Gollan, F, Hamilton, E C, and Mcnecly, G R Consecutue Survival of Open Chest 

Hypothermic Dogs After Prolonged By Pass of Heart and Lungs by Means of a 
Pump Oxygenator, Surgery 35 88, 1954 

3 Brown, I W, Jr, Smith, TV W, Young, TV G, and Sealy, TV C Experimental and 

Clinical Studies of Controlled Hypothermia Rapidly Produced and Corrected by a 
Blood Heat Exchanger During Extracorporeal Circulation, J Tiioracic Sana 36 
497, 1958 

4 Sealy, W C, Broun, I TV, Jr, and Young, TV G, Jr A Report on the U«e of Both 

Extracorporeal Circulation and Hypothermia for Open Heart Surgon. Ann Sure 
147 603, 1958 b 

5 Zululi, N, Greer, A., Kimmell, G, Montroy, J, Redmond, R, Donnell, J, Carey, J, and 

Krieger, K A Clinical Study of Hypothermic Perfusion, J Oklahoma State 
Medical Association, October, l^oD 

6 Gollan, F Discussion of Ph}siologv of Perfusion tn Extracorporeal Circulation. Spring 

field, 1958 Charles C Ihomas, publisher, p 212 

7 Brown, I TV, Jr, Smith, TV TV, and Emmons, TV O An Efficient Blood Ileat Ex 

changer for Use TTith Extracorporeal Circulation, Surgcrj 44 372, 195S 

8 Zulidi, N, Kimmell, G, Carer, J, Montro}, J, and Greer, A Studies in neat Exchange 

in a S}stem for Hypothermic Perfusion (To be published ) ~ 

9 Coole}, D Discussion tn Extracorporeal Circulation, Springfield, 1958, Charles C Thomas 

publisher, p 493 ; 



OPEN VERSUS CLOSED LEFT ATRIAL DRAINAGE DURING 
CROSS-CLAMPING OF THE THORACIC AORTA 

David D. Snyder, M.D., G. Rainey Williams, M.D., and 
Gilbert S. Campbell, M.D., Oklahoma City, Okla. 

T he hazards of cross-clamping the aortic arch distal to the carotid arteries 
fall into two categories. First is proximal hypertension, which may cause 
cerebral hemorrhage, cardiac dilatation with ventricular fibrillation, and occasion¬ 
ally pulmonary edema. The second is inadequate blood flow distal to the clamp, 
which may result in spinal cord damage or ischemic renal insufficiency. The 
treatment of aneurysms of the distal aortic arch necessitates cross-clamping of 
the aorta. The method currently employed to obviate these dangers is the 
pumping of blood from the left atrium to the femoral artery via a closed 
system. 1 This procedure has not been entirely satisfactory, however, for De Bakey 
recently stated that 2 of 36 patients so treated have suffered ischemic spinal 
cord damage following cross-clamping of the descending thoracic aorta, in spite 
of left atrial to femoral artery bypass. 1 A recent clinical case at the Oklahoma 
City Veterans Administration Hospital, in which closed left atiial drainage 
was employed, revealed inadequate proximal decompression 'with a systolic 
pressure greater than 250 nun. Hg and transient pulmonary edema in spite of 
pump flow settings which were increased to greater than 3 L. per minute. This 
patient developed hypertensive encephalopathy postoperatively, but eventually 
made a complete recovery. The experience prompted us to study closed left atrial 
drainage experimentally, and compare it to open, or reservoir, drainage. 

MATERIALS AND METHODS 

Mongrel dogs, weighing 25 to 35 kilograms, were anesthetized with intra¬ 
venous Nembutal. Ventilation was maintained by a mechanical respirator. 
Through a left thoracotomy, a 30 Fr. catheter was inserted into the left atrium. 
Blood could be drained by either open or closed methods by means of plastic 
tubing and pumped into the femoral artery via a totally occlusive Sigmamotor 
finger pump which had been previously calibrated. This pump, when totally 
occlusive, delivers a constant flow against the pressures encountered in this 
experiment. 2 A side-arm was provided to measure the actual flows delivered 

Department of Surgery, Oklahoma City Veterans Administration Hospital, and University 
of Oklahoma Medical Center, Oklahoma City, Okla. 

Supported by U.S. Public Health Service (H-4106) and a grant from the Oklahoma Heart 
Association. 
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(Pig. 1). Pressures were measured in the carotid, femoral, and pulmonary 
arteries, pulmonary veins, and left atrium by means of polyethylene catheters, 
Statham strain gauges, and a Sanborn direct-writing oscillograph. Forty-one 
paired flow measurements of open and closed left atrial drainage were made on 
13 dogs, utilizing flow settings between 500 and 2,600 c.c. per minute. 

RESULTS 

In 40 of these 41 flow measurements, closed drainage delivered less than 
the calibrated flow (Pig. 2). The single instance in which the flow from closed 
drainage equaled that of open drainage occurred in a dog which was hyper¬ 
volemic and at a flow setting of only 500 c.c. per minute. 



Pig. 1.—Diagram of method for study of open and closed left atrial drainage during left atrial 
to femoral artery bypass. 

The dog’s blood volume is an important determinant of the amount of 
blood drained from the left atrium (Pig. 3). With the pump set at 2,580 e.c. 
per minute during aortic arch cross-clamping, this volume of blood drained 
openly from the left atrium into a reservoir and was pumped into the femoral 
artery. This was the actual volume delivered, for the blood level in the reservoir 
remained constant. When the system was converted to closed atrial drainage, 
flow dropped to 525 c.c. per minute. With the measured withdrawal of serial 
volumes of blood, the amount of flow diminished progressively. After the loss 
of approximately one sixth of the dog’s blood volume, flow had diminished to 
195 c.e. per minute at a pump setting of 2,580 c.c. per minute. AH 13 dogs 
showed this progressive decrease in closed bypass flow volumes with serial blood 
withdrawals; also, witli flow settings as low as 500 e.c., progressive decrease in 
blood volume was accompanied by decrease in flow. Thus, at a setting of 500 
c.c. per minute, closed bypass flow as low as 35 c.e. per minute was recorded in 
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a hypovolemic dog. This relationship is of extreme practical importance, for 
many surgeons, fearing proximal hypertension during aortic cross-clamping, 
prefer hypovolemia at this time. 

Pressure measurements during thoracic aorta cross-clamping alone are 
represented in Fig. 4. The pulmonary venous pressure, represented by the 
mean pulmonary artery wedge tracing, was originally 5 mm. Hg and after 
aortic cross-clamping increased to 17 mm. Hg. After release of the clamp it 
rapidly fell to its original level. The arterial side of the pulmonary capillary 
bed, represented by the pulmonary venous wedge pressure, remained constant 
at a mean of 27 mm. Hg during this 20-second period of aorta cross-clamping. 



OPEN CLOSED 

drainage drainage 

Fig. 2.—Paired flow measurements during open and closed left atrial drainage. 

The carotid artery pressure rose to 260 to 280 mm. Hg and the femoral artery 
pressure fell to 20 mm. Hg during this same interval. During open bypass, 
left atrial and pulmonary venous pressures were equal and ranged between 
10 to 0 mm. Hg. Pulmonary artery pressure was unchanged. Carotid artery 
and femoral artery pressures were maintained within physiologic limits and 
varied according to the dog’s blood volume and amount of bypass flow. With 
open left atrial drainage, the reservoir was either raised or lowered until the 
level remained constant at a given flow setting. If the dog was hypovolemic, 
left atrial pressure was low and atrial return was diminished. Blood was then 
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added to the sjstem and m this manner the animals tended to legnlate then 
own blood volume The same is true clinically of total eaidiac bypass in vlncli 
the caval blood is drained bv giavitj Consequently, m these studies, left 
atnal piessuie and bj'pass flow weie legulated by the dog’s blood volume Upon 
switching to closed diamage, left atrial piessuie dropped to -10 to -25 mm 
Hg and oecasionallj to lev els as low as -100 mm Hg The pulmonarv v enous 
piessuie however, as measured from the wedged pulinonaij .uteiy catheter, 
did not fall, but slowly increased Pulmonaiv aiteiy piessuie lcmained con 
stant The caiotid aitery pressure lose and the femoial aiterv piessuie fell 
(Table I) Inteicstmglj enough, if the flow setting was increased at this time, 
these diffeiences were often magnified 
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Fig 3—Influence of blood \olume on bypass blood flow during closed left atrial drainage 


Tabif I Successi\e Ftessure Readings Dui*ing Thoracic Aorta Cross Cr wiping on 
Changing From Open to Closed LrFT Atfi\l Drainage Duping Left ATriAE to 
Femoral Artefy Bypass 



1 open dpainage 

) (2,100 CC/MIN) 

1 CLOSED DRAINAGE 

(520 cc/min) 

Carotid arterj 

125/110 

170/130 

Femoral arterj 

122/96 

96/78 

Pulmonarj nrten 

18 

18 

Pulmonarj cm 


1G 

I oft atrium 

2 

-12 


DISCUSSION 

Two mechanisms mav be involved duimg closed left atinim to femoial 
aiton bvpass to account foi the ohscived piessuie changes The first is collapse 
of the left .Itiiiun due to the negative pi assure This was ohscived readily in 
these dogs This pivtiallv oeeludes the cathetei and limits egiess of blood from 
the left atrium The second is piobablv the paitial or mteimittnit ohstiuctiou 
of the pulinonan veins at the venous atnal junction A valve mechanism 
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exists at this junction, foi it is known that during nbrmal atnal systole theie 
is \eij little leflux of blood mto the pulmonary veins 3 This is probably the result 
of the contraction of atrial muscle aiound the pulmonaij xenons onfices Simi 
lailj, with the application of negative piessuie within the left atrium, the 
atnal avails around the vein orifices may be drawn together, paitiallj or intei 
nnttently obstructing pulmonary xenous return and resulting in an increase 
in pulmonarj venous piessuie 

The practical importance of these findings is obvious Closed atnal diam 
ago max j leld inadequate proximal decompression and insufficient flows distallj 
Increasing the pump floxv setting often magnifies these difficulties The prefei 
ence for hypovolemia dunng tins penod maj be disatious, for it markedlj de 
cieases flow The direct relationship betxxcen blood xmlume and available venous 
return during extiacoiporeal enculation has been pointed out by otlieis 4 * 
An additional disadxantage of elosed drainage which was encountered in 
these studies was coronary air embolism, mxaiiablj fatal m the 5 dogs in xvhich 
it occtuied Tins is due to the negative pressuie sucking an into the left atnum 
aiound the cathetei * In tlio dog, this air lodges m the coronary aitones and 
can be seen in these xessels 

Open diamago obxiates the dangcis xvhich lesult fiom attempting to sxtek 
blood fiom a closed system Therefore, during surgical procedmes necessitating 
aoitic aich cross clamping at this institution, closed left atnal diamage has 
been replaced by open, or reservoir drainage 

SUMMARY 

Comparisons xvere made between open and closed left atnal drainage, 
during left atnum to femoral artery bypass, rn 13 dogs xmth thoracic aorta 
cross clamping At the same pump flow settings, open drainage yielded gieatei 
left atnal diamage with larger and consistently lebablc flow 7 volumes to the 
distal aorta These diffciences were magnified in hypovolemic dogs Mechanisms 
for differences betxveen open and closed drainage are discussed 
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THE DIFFERENTIATION OF ANEURYSM 
AND MEDIASTINAL TUMOR 


John E. Connolly, M.D., William Utzinger, M.D., and 

John W. Smith, M.D., San Francisco, Calif. > 

O ne of the most difficult problems facing the thoracic surgeon is the pre- 
operative differentiation of mediastinal masses presenting in the left chest. 
These are commonly either carcinoma of the left lung invading the mediastinum, 
aneurysm of the transverse or descending aorta or, last, one of the various 
tumors that occur in the anterior mediastinum. Usually the anterior mediastinal 
tumors can be differentiated preoperatively by their position and configura¬ 
tion on the x-ray films. On the other hand, carcinoma of the lung and aortic, 
aneurysm are often confused, short of thoracotomy. Angiocardiography 1 has 
provided a means of distinguishing these two latter lesions in most cases. 

4 However, its use is not infallible and the following cases are presented to 
f demonstrate some of’the problems encountered in lesions in this area and how 
the various special studies now available are used in making a diagnosis. 

CASE REPORTS 

Case 1.—M. L. (S.U.H.—No. 359914), a 54-year-old white man, was admitted to the 
hospital with a 1-montli history of cough, fever, and hoarseness. Chest x-ray studies 
demonstrated a large mediastinal mass which was interpreted as a possible aneurysm (Fig. 
1, A and B). Left scalene node biopsy and bronchoscopy were negative for tumor, but the 
latter revealed a paralyzed left vocal cord. The serology was negative. Angiocardiography 
was performed and demonstrated a sharply defined ascending and descending thoracic 
aorta (Fig. 2, B). In addition, it was noted that the left pulmonary artery did not fill, pre¬ 
sumably due to impingement of the mass on the vessel. Thus, a preoperative diagnosis of 
carcinoma of the lung was made. At exploratory thoracotomy an inoperable squamous cell 
carcinoma of the lung was found. 

Comment: Although a pulmonary neoplasm was considered to be the most 
likely diagnosis before operation, angiocardiography was helpful in ruling out 
an aneurysm. 

Case 2.—0. D. (S.U.H.—No. 361467), a 51-year-old white man, entered ivith a 6-week 
history of weight loss, malaise, and cough. He had been referred to the hospital after chest 
roentgenograms had been interpreted as follows: “Examination of the chest reveals a large 
aneurysm of the aorta which originates from the junction of the transverse portion of the 
aorta and the descending portion” (Fig. 3, A and B). Physical examination showed some 
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A. R. 

Fig. i, — a. Posteioanterior chest film of Case 1 which shows a round mass in anterior medias¬ 
tinum, thought to be an aneurysm. B, Lateral chest film of Case 1. 



a. n. 

Fig. 2.— A, Angiocardiogram of Case 1 showing absence of filling- of left pulmonary artery, 
presumably due to impingement of the mass on the vessel. The right pulmonary artery is 
well Ailed. B, Angiocardiogram of Case 1 which show* a sharply defined ascending and de¬ 
scending aorta. 
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venous distention on tlie left side of the neck and a palpable left supraclavicular lymph node. 
The serology was negative. Bronchoscopy and excision of the left supraclavicular node were 
performed. Anaplastic carcinoma was piesent m the lymph node. Radiotherapy of the 
mediastinum resulted initially in shrinkage of the mass. 

Comment: This case is of interest since the referring radiologist inter¬ 
preted the chest roentgenogram as showing an aneurysm. Scalene node biopsy 
was performed to confirm our clinical diagnosis of carcinoma of the lung. If 
this had been negative for metastatic tumor, our next procedure would have 
been angiocardiography. 



A. B 

Pig. 3— A, Posteroanterior chest film of Case 2 which shows a mediastinal mass interpreted as 
an aneurysm II, Lateral chest film of Case 2 


Case 3.—J. M., a 23-jear-old white man, had a routine chest film (Fig. 4) taken which 
demonstrated an anterior mediastinal mass of undetermined etiology. A history of trauma to 
the left chest 5 years previously W'as obtained. Because of the possibility of an aortic 
aneurysm, lie was referred to oui hospital for further investigation., A retrograde aortogram 
was performed which was interpreted as showing that the mass was separate from the aorta 
(Fig. 5). Subsequent exploration revealed a teratoma of the anterior mediastinum. 

Comment: Again a diagnosis of aortic aneurysm was strongly suspected 
on the basis of the chest films. Retrograde aortography correctly demonstrated 
that the mediastinal mass tvas separate from the aorta. 

Case 4. — O. H. (S.U.H.—No. 346329), a 59-year-old Negio man, entered the hospital 
with shortness of breath. He had been treated for syphilis in 1920 and in 1946. On physical 
examination, he was noted to have a paralysis of the left vocal cord and a systolic murmur 
in the left fourth interspace. The serology was doubtfully positive. Roentgenograms of the 
chest (Fig. 6, A and B ) were interpreted as follows, “Huge anterior mediastinal mass with 
calcific margins. Possibilities are luetic aortic aneurysm, dermoid cyst, or thymoma.” After 
kymograms, the favored radiologic diagnosis was anterior mediastinal cyst, probably dermoid. 
Since aortic aneurysm could not be excluded, angiocardiography (Fig. 7, A and B) was 
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Fig 4 —Posteroantenor chest film of Case 3 reported as showing a probable aneurysm 



Ffg 5—Aortogram lateral projection of Case 3 interpreted as showing that the mediastinal 
mass Is separate from the aorta 
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carried out. The radiologic report on this examination was, “A smooth walled, normally con¬ 
toured and noimal outlined aoita visualized and there is no evidence of any opacification of 
the laige anterior mass. It is felt, theicfoie, that the lattci is definitely not an nneuiysm of 
the aoita. Some widening at the aortic knob is piobably due to infciior dipping and bend¬ 
ing of the aortic arch.” On the basis of this interpietation, the pieopcintive diagnosis was 
changed to cyst of the mediastinum. At cxploiation, a film rubbeiy nonpulsating mass was 
found. This clot-filled aoitic aneurysm was madvcitenlly entered and the patient died 
(Fig. 7, C). 

Comment: This case demonstrates that angiocardiographic findings may be 
misinterpreted when an aneurysm is filled with clot. 



A B. 

Fig G— A, Posteroanterior chest film of Case 4 The anterior mediastinal mass was inter¬ 
preted as an aneurysm on the initial films B, Lateral chest film of Case 4 which shows that 
the mediastinal mass is anterior. 

Case 5.— V. D. (S.U.II.—No. E150098), a 53-year-old white man, sought medical 
advice because of left chest pain. Chest x-ray studies (Fig. 8, A and B) showed a left 
anterior mediastinal mass interpreted as a mediastinal tumor. At exploration, the surgeon 
found an anterior mediastinal mass that he considered to be an aortic aneurysm. The chest 
w r as closed and the patient was admitted to Stanford Hospital, seivice of Dr. Frank Gerbode, 
for further care. Review of the chest films again suggested a tumor but angiocardiography 
seemed definitely indicated in view of the exploratory findings. This study disclosed a 
sharply defined aortic border and appeared to rule out aortic aneurysm (Fig. 9). At a 
second thoracotomy, the anterior mediastinal mass was found to be an inoperable carcinoma 
of the lung, proved by microscopic section. 

Comment: This case demonstrates the difficulty in distinguishing mediasti¬ 
nal tumors from aortic aneurysm, even at exploration. Angiocardiography was 
useful here in arriving at a correct diagnosis. 
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Fig. 8.—A, Posteroanterior chest film of Case a which shows spherical anterior mediastinal 
mass with admission diagnosis of an aneurysm of the aorta. B, Lateral chest film of Case 
5 which shows spherical anterior mediastinal mass. 


ig. 9.—Angiocardiogram of Case 5 interpreted as showing that the anterior mediastinal mass 
is separate from the sharply defined aorta. 
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DISCUSSION 

A correct preoperative diagnosis in these cases is important because special 
equipment and abilities must be available if an aortic aneurysm encountered at 
operation is to be dealt with successfully. 

Conventional methods of diagnosis include physical examination, chest 
x-ray studios, and kymography. Fluoroscopy and kymography may demon¬ 
strate the presence or absence of pulsation. Nevertheless, these findings may 
cause confusion, since solid tumors can transmit the pulsations of the great 
vessels whereas many aneurysms do not pulsate, due to extensive thrombus 
formation within. Tomography may be helpful in demonstrating whether or 
not a mass is continuous with the aortic shadow, but it is not definitive. 

With the introduction of angiocardiography and aortography it was hoped 
that this dilemma would be resolved. Although angiocardiography is nsualij- 
successful in the differentiation of these masses, this is not always true, and, as 
seen in Case 4, in spite of what appeared to he an adequate visualization of the 
aorta, an incorrect i-adiologic diagnosis was made. Because of this diagnosis, 
the surgeon was not prepared for the possibility of an aneurysm at the time of 
thoracotomy. 

If the mass in question opacifies by angiocardiography or retrograde 
aortography, the diagnosis of aneurysm is confirmed. However, a negative 
report is not so conclusive, as many aneurysms do not opacify. Steinberg and 
Dotter- and Sussman 3 have reported cases in which aneurysms did not opacify 
with angiocardiography, but a correct diagnosis was made because, in one in¬ 
stance, a second aneurysm was present which did fill with dye, and, in the other, 
the stigmata of syphilitic aortitis were present. These changes of syphilitic 
aortitis have been described by Steinberg and his associates.* They include 
aortic dilatation, irregularity of the aortic lumen, calcification of the ascending 
aorta, aortic tortuosity, and abnormal aortic wall thickness. Many of these 
findings are more easily demonstrated on left anterior oblique or lateral projec¬ 
tions of the angiocardiogram. In Case 4, just reported, we do not know whether 
the aorta was normal or whether its appearance was misinterpreted as being 
normal. 

Perhaps another view, lateral or oblique, would have demonstrated the 
syphilitic changes in a clearer manner, and might have resulted in a more suc¬ 
cessful outcome in this ease. This case also demonstrates that an aneurysm of 
the ascending aorta can present on the left side of the chest instead of its usual 
projection on the right side. Of the various special techniques now available 
to differentiate carcinoma of the left lung and aortic aneurysm, visualization of 
the thoracic aorta either by angiocardiography or aortography is the most re¬ 
liable. 

However, we ivisli to stress that oven with utilization of the best diagnostic 
tools at hand, the surgeon must be aware of the possibility of encountering 
either lesion at the time of thoracotomy. 
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SUMMARY 

The preoperative differentiation of aneurysm and mediastinal tumor is im¬ 
portant because of the difference in the surgical equipment and abilities neces¬ 
sary to treat these two conditions. The diagnosis can usually, but not in¬ 
valuably, be made by contrast visualization of the aorta. Illustrative cases are 
presented. 
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TUBULAR HYPOPLASIA OF A PERSISTENT RIGHT 
AORTIC ARCH WITH SURGICAL CORRECTION 

fames W. Quinn, i\I D., Edtvaid P Passat o, Ji M D., 
and Howaid D. Saak, M D. } Columbus, Ohio 

A n unusual anomaly, consisting of absence of the left aortic aich with tubu¬ 
lar hypoplasia of a persistent right aortic arch, was recently encountered 
A review of the literatuie has failed to disclose any similar case report The 
method of surgical repair will be described and the embryologic derivation of 
this anomaly will be discussed. 

CASE REPORT 

A 16 year old -white male was admitted to The Ohio State University Hospital Feb 
15, 1959, with a diagnosis of coarctation of the aorta He complained of shortness of 
breath, chest pain on exertion, and cold feet The past history indicated that for the 
first 3 months of life he had frequently choked on his feedings The blood pressure was 
178/90 mm Hg m the right arm, 110/60 m the left arm, and 100/60 in the legs A Grade 
2 systolic murmur was heard m the left second interspace and m the mterscapular area 
Femoral pulsations were only faintly palpable 

The electrocardiogram suggested left ventricular hypertrophy A barium study 
demonstrated a pressure defect in the posterior wall of the esophagus, suggesting the 
presence of an anomalous vessel (Tig 1) The usual left aortic arch indentation of the 
esophagus was absent as noted in Fig 2. Instead, the esophagus is displaced to the left 

Operative Findings —The chest was entered through a left posterolateral incision The 
descending aorta was slightly to the right of its normal location Its proximal end gavo 
use to a diminutive left subclavian artery (Fig 3, D). There was no evidence of any 
connection to a left aortic arch The pericardium was then opened and an enlarged 
ascending aorta was found The first branch was the left common carotid, the second was 
the right common carotid, and the third was the right subclavian artery At first, it 
appeared that the ascending aorta ended in these three branches, but further dissection 
disclosed another branch, approximately the diameter of the carotid vessels (6 to 7 mm ), 
arising from its posterior wall This rudimentary right arch passed behind the esophagus 
and joined the descending aorta 3 cm distal to the origin of the left subclavian artery 
The ascending aorta was markedly' pulsatile, whereas the descending aorta pulsated 
weakly A ligamentum artenosum arose from the left pulmonary artery' and joined tho 
descending aorta on the anteromedial surface of its saccular termination. 

Operative llepair —A curved vascular clamp was applied to the medial aspect of the 
ascending aorta parallel to the long axis of the vessel to exclude a portion of its wall 
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Fig. 1 Fig. 2. 

Fig. 1.—A left lateral chest roentgenogram demonstrating a pressure defect in the 
posterior wall of the esophagus caused by the hypoplastic right aortic arch. 

Fig. 2.—The esophagogram demonstrates an absence of the usual indentation of the left 
wall of the esophagus by a left aortic arch. Instead, the esophagus is displaced to the left. 



Fig. 3.—These drawings illustrate the successive steps in the derivation of tubular hypo¬ 
plasia of a persistent right aortic arch. Starting with a functional double aortic arch (A), 
atresia occurs in the left arch between the origins of the left carotid and subclavian arteries. 
The atretic segment may remain as a flbrotic cord (B), or may completely disappear (C). 
Tubular hypoplasia of the right arch has occurred simultaneously ( D ). The left subclavian 
artery arises from the descending aorta. 
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Caro was taken, not to obstruct tho flow of blood from the loft vontriclo. Another clamp 
was applied in the same way to tho descending aorta. A crimped Teflon graft, % * nc b 
in diameter, was anastomosed in ond*to*side fashion to a longitudinal incision placod in 
the excluded portion of each vessel. A continuous 5-0 arterial suture was used (Fig. I). 
This resulted in the formation of a vascular ring surrounding the esophagus and trachea, 
but care was taken to employ a graft of sufficient length to prevent pressure on thoso 
structures. 

Tho patient's postoperative course was uncomplicated. Three months after oporntion 
the blood pressure in the arms was 150/100 mm. Hg and 118/110 in tho logs. A faint 
systolic murmur remained audible. 



Fig 4.—operative photograph of the anomaly after completion of’ the Teflon Kraft onosto- 

moals. 

DISCUSSION 

To understand this anomaly, a review of the normal embryology of the 
aortic arch is helpful. 1 Six pairs of branchial arches appear at different times 
in embryonic life (Fig. 5). The first, second, and fifth arch on eaeii side dis¬ 
appear. The third aortic arches persist as the common carotid arteries. The 
right fourth arch forms the proximal portion of the right subclavian artery (a) 
while the segment between tile subclavian artery and the dorsal aorta (b) dis¬ 
appears. The left fourth arch forms the portion of tho adult aortic arch (c) 
between the origin of the left common carotid and the entrance of the ductus 
arteriosus (d). The ventral part (c) of the right sixtli arch becomes the right 
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pulmonary artery and the dorsal part (f) disappears. The ventral part of the 
left sixth arch (g) forms the left pulmonary artery, while the dorsal part re¬ 
mains as the ductus arteriosus (d). 

The derivation of aortic arch anomalies may be best understood, as sug¬ 
gested by Edwards, 3 ’ 5 by referring to a functional double aortic arch as the 
basic pattern (see Fig. 3, A). Such a functioning double arch does exist at one 
stage of fetal life. 3 

If atresia of the left fourth arch occurs, it usually involves that portion 
between the left subclavian artery and the insertion of the ductus arteriosus. 
However, the atresia maj* occur between the left carotid and left subclavian 



Pig'. 5.—A diagram of the six pairs of embryonic aortic arches. The vessels outlined 
in solid black persist while the vessels in white disappear. The ductus arteriosus (d) is 
stippled to indicate persistence until after birth. 


arteries (see Fig. 3, B). In this event, the latter vessel arises from the de¬ 
scending thoracic aorta. If the atresia occurs late in fetal life the atretic seg¬ 
ment remains as a fibrotic cord. If the atresia occurs at an earlier stage, as in 
the case presented, no connection between the vessels may be found (see Fig. 
3, G). The innominate artery depends for its existence on the disappearance 
of the right fourth arch beyond the origin of the left common carotid artery. 
If this arch persists, as in our case, the right subclavian and common carotid 
arteries arise separately (see Fig. 3, D). 

Edwards has used the term “tubular hypoplasia” to describe cases in which 
there was a uniform narrowing of a long segment of a left arch. This is to be 
distinguished anatomically from coarctation with a short segment of stenosis. 
Both conditions may result in the same functional disturbance. The term “in¬ 
fantile coarctation” has been loosely applied to any narrowing of the aorta 
proximal to the ductus whether it be a true coarctation, a hypoplastic segment, 
or an area of atresia. Tubular hypoplasia most frequently involves that portion 
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of tlie left arch between the left carotid and the left subclavian arteries. To the 
best of our knowledge, tubular hypoplasia of the right arch has not previously 
been recorded. 0 The present case should bo properly referred to as one of 
tubular hypoplasia of a persistent right arch. 

Baffes 0 has suggested the use of homologous aortic grafts to correct such 
defects in which primary resection and anastomosis is impossible. In experi¬ 
mental work on dogs he successfully placed a graft from the side, of the ascend¬ 
ing aorta to the side of the descending aorta. lie found that if the aortic arch 
was very narrow as in coarctation, or if it were tied off, the graft remained 
open. However, if the aorta was wide open and the graft was nonobligatory, it 
tended to shrink and close off within 3 or 4 months. In the present case the 
hypoplastic right arch was markedly diminished in cross-sectional area and it is 
expected that the graft will remain open as an obligatory one. It was known 
to be functioning well 4 months after surgery. 

SUMMARY 

A previously unreported type of congenital aortic arch anomaly is de¬ 
scribed. This consisted of an absent left aortic arch and tubular hypoplasia of 
a persistent right arch. The condition manifested itself clinically os coarctation 
of the aorta. The embryologie derivation of this anomaly and the method of 
surgical correction are described. 
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PLICATION OF THE AORTIC RING IN THE 
CORRECTION OF AORTIC INSUFFICIENCY 

Elliott S. Hurwitt, M.D., Paul W. Hoffert, M.D., and 
Alfred Rosenblatt, M.D., Neiv York t N. Y. 

I t should be technically possible to diminish effectively the cross-sectional 
area of the aortic ring, by approximately one third, by plieating the area of the 
noncoronary cusp. This conversion of the valve to a bicuspid configuration, 
without interference with the coronary circulation, might be of benefit in cases 
of free aortic insufficiency associated with aneurysmal dilatation of the base of 
the aorta. The validity, of these assumptions has been explored by a series of 
animal experiments, and in one human ease. 

EXPERIMENTAL OBSERVATIONS 

Sixty-two unselected, apparently healthy, mongrel dogs averaging 20 kilo¬ 
grams in weight were utilized in this study. All operations were perfomed un¬ 
der anesthesia maintained by a standard veterinarian solution of Nembutal ad¬ 
ministered intravenously. Right thoracotomy through the fourth interspace was 
performed, and respirations were maintained by a pump, rhythmically delivering 
oxygen under positive pressure through an endotracheal tube. The pericardium 
was incised vertically, anterior to the right phrenic nerve, and the pericardial 
flaps were held apart with traction sutures. Umbilical tapes were placed about 
the superior and inferior venae cavae and ascending- aortic arch, respectively, 
and the azygos vein was ligated in continuity. The right auricular appendage 
was retracted laterally and inferiorly by means of a traction suture attached to 
its tip, exposing the base of the aorta in the region of the noncoronary cusp 
(Fig. 1). 

A curved De Bakey clamp was placed on the right anterolateral wall of 
the ascending aorta and a longitudinal incision, approximately 2 cm. long, was 
made extending from the base of the aorta distally, in the portion of the aortic 
wall within the clamp. Inflow occlusion was then produced by tightening the 
umbilical tapes around the venae cavae, followed by occlusion of the aortic arch. 
At this point, the De Bakey clamp was removed, and a long curved clamp was 
inserted through the aortotomy toward the aortic valve. The mouth of the 
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clamp engaged one of tlie \al\e leaflets and atulsed it With some experience, 
it v, as possible selectnelv to a\ulse the noncoronaiy cnsp Inflow occlusion 
was then discontinued and, as blood welled up thiougli the aortotomy incision, 
the De Bakey clamp was leplaced, followed bj lelease of aoitic arch occlusion 
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Fig t —Dog No 59 Pressure curves from aorta (upper tracing) and left ventricle 
[loiter tiacing) following the creation of aortic insulliciencj Note the high amplitude of the 
aortic curve which equals the left ventricular pressure cur\e amplitude which Indicates marked 
degree of insufficiency 



Tig 3 —Technique for insertion of deep mattres3 sutures Into aortic wall at the base of the 
aorta o\cr the noncoronary cusp area 
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The aortotomy was closed with a continuous over-and-over suture of 5-0 arterial 
silk. The hemodynamic effect of the valve leaflet avulsion was evaluated by 
means of simultaneous pressure curves obtained from the left ventricle and 
ascending aorta and comparing these with similar pressure curves obtained from 
identical areas prior to creation of the lesion. In the majority of dogs, a definite 
insufficiency pattern was obtained following creation of the lesion (Fig. 2). 



Fig. 4.—Dog No. 59. Autopsy specimen which shows the sutured aortotomy incision 
which had been utilized to avulse a leaflet (upper arrow), and a pleating mattress suture 
(lower arrow) inserted in an attempt to correct the lesion. 

Fig. 5.—Inner aspect of base of aorta following attempted correction pleat. 

In the last 15 dogs, an attempt was made to correct the aortic insufficiency 
immediately following its creation. After the aortotomy wound was closed 
and the pressure curves were obtained, inflow occlusion of the venae cavae was 
reinstituted. With the operator’s left index finger in the transverse sinus ele¬ 
vating the base of the aorta, one or two large mattress sutures were placed in 
the aortic wall overlying the noncoronary cusp (Fig. 3). As these sutures were 
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tied, a laigc pleat Mas produced in the aoitic Mall, m manj instances decieasing 
the circumference of the aortic v ah e annulus by one third Figs 4 G deni 
onstiate the appearance of a maximal collection pleat, and the sutuied aortot- 
oinj incision Following placement of the sutuies, inflow occlusion was teimi 
nated and, once equilibrium had been established, piessure cuives vveie obtained 
tiom the left ventricle and ascending aorta In spite of the placement of the 
maximal pleats, the pressuie cuives lepeatedly failed to show any significant 
change m the insufficiency pattern 

CLINICAL EXPERIENCE 

Plication of the aorta in the legion of the noncoionarj cusp thus pioved 
to be ineffective when applied to the eoireetion of acute aoitic msufficiencj 
piodueed by avulsion of the valve cusp in dogs On the othei hand, a favorable 



Fig- 6 —Diagrammatic reconstruction of plication of area of noncoronary cusp 

clinical response with a similar method m cases of aoitic insufficiency assoei 
ated with a dilated aoitic ling had been lepoited by Cicecli 2 with caidio 
pulmonary bypass and by Hufnagel 0 with a closed technique The combination 
of se\eie angina, fice aoitic legurgitation, and a hugely 7 dilated aoita com 
pused the indications foi this opeiation m the following case 

CASE REPORT 

G M, Admission 10340S, a 49 year old Negro male garage attendant, was admitted to 
the 2\Iontefioro Hospital on Jan 20 , IDJO^ with a chief complaint of angina pectoris of in 
creasing severity, and shortness of breath when lying down Penicillin had been administered 
in large dosage shortly prior to hospitalization, when a blood Was^ermann test had been found 
to be positue, he had received no pre\ious treatment, but recalled a penile lesion m Ins youth 
There w is no lustory of rheumatic fe\er 

Three years prior to admission the patient de\eloped ccierc pressing anterior chest pain 
on exertion and seicre shortness of breatli when l\mg flat At this time he consulted a 
physician who prescribed nitroglycerin tablets, digitalis of unknown dosage, and diuretics which 
had been used intermittently The patient experienced relief of the angina with the u^e of 
nitroglycerin, however, lus consumption progressely increased to as many as one tablet per 
hour while working During the course of the past 3 \cars the patient had h id ankle edema 
on at least one occasion which was relicicd by an intramuscular diuretic 
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On examination the patient was noted to be a well-developed Negro man who was 
ambulatory and appeared in no acute distress. The pulse was SS and regular; blood pressure 
180/44 mm. Hg. There was a visible pulsation accompanied by a thrill over the suprasternal 
notch and bilateral supraclavicular areas. The heart was enlarged to the left, with the point 
of maximal impulse in the sixth inteispace at the mid-clavicular line. All heart sounds were 
diminished and replaced by loud systolic and diastolic murmuis loudest at the aortic area 
and transmitted to the apex and right chest. These were accompanied by systolic and diastolic 
thrills over these same areas, as well as over the carotid, subclavian, and femoral arteries. 
Liver and spleen were not palpable. An asymptomatic umbilical hernia was noted. There was 
no ankle edema or clubbing. Ncuiological examination revealed a slight anisocoria, the right 
pupil being larger than the left; the right knee jerk was gieater than the left. 



Fig. 7.—Placement of a horizontal mattress suture in one stroke by simultaneous passage of 

both needles. 

Cardiac fluoroscopy disclosed an expansile fusiform aneurysm in the ascending aorta up 
to the first portion of the arch, with 3+ enlargement of the left ventricle. Electrocardiography 
showed regular sinus rhythm, with an enlarged left ventricle. The electroencephalogram was 
normal. The roentgenograms showed marked uncoiling of the aorta, with aneurysmal dilata¬ 
tion of the ascending portion and calcification in the arch. Secondary enlargement of the 
left atrium and left ventricle was present. The blood serology was positive, with 3+ flocculation 
and 4+ Kolmer tests. The spinal fluid serology was negative. The venous pressure was 82 
mm. of water, with no rise on right upper quadrant pressure. The Decliolin circulation time 
w T as 18 seconds, arm to tongue. 

Plication of the base of the aorta w r as performed on March 4, 1959. Under satisfactory 
general intratracheal anesthesia, with a cannula in the left saphenous vein at the ankle, the 
patient was positioned with the right side of the chest slightly elevated. A right submam¬ 
mary incision was made, and the right pleural cavity enteied in the third interspace. There 
was a generalized diffuse adhesive pleuritis, making it difficult to enter the right pleural cavity. 
The incision was extended medially, above the left nipple, the left pleural cavity entered in 
the second interspace, and the sternum was transected with a Lebsclie knife. The remnants of 
thymus were mobilized from the anterior surface of the pericardium, and the pericardium 
was opened widely, through an incision extending vertically in front of the right phrenic 
nerve and extended horizontally across the base of the heart. Tapes were passed around the 
superior vena cava and inferior vena cava, intrapericardially. 
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The aorta was huge, measuring 5.5 cm. in diameter just above the valve ring, and 
widening slightly a short distance above this. The right coronary artery was greatly dilated 
and tortuous. The branches of the left coronary artery were similarly enlarged. The base 
of the aorta was mobilized on its right lateral and posterolateral aspects, exposing the very 
base of the noncoronary sinus of Valsalva. With short periods of venous inflow occlusion, 
none of which extended over 45 seconds in length, a series of G horizontal mattress sutures 
was passed through the noncoronary cusp area, in an attempt to narrow the base of the aorta. 
The suture material was 1*0 silk, with large curved atraumatic needles on each end of the silk,* 
passed on a needle holder especially prepared to hold both needles at once, and previously 
threaded through an Ivalon pillow (Fig. 7). None of the sutures was tied until they had all 
been placed. During the process of passing these sutures, the heart rate became grossly 
irregular and finally practically stopped. Intermittent cardiac compression was instituted and 
the heart w’ent into ventricular fibrillation. While intermittent compression was continued, 
the sutures at the base of the aorta were all tied anteriorly, over Ivalon pillows. The 



Fig- 8.—Ridge produced by plication of noncoronary cusp area at base of aorta. 

heart was then defibrillatcd with electric shock, two shocks at 50 volts being ineffective, and a 
third shock at 100 volts arresting the heart, from which it was massaged back into a strong 
effective beat. Two additional sutures were placed in the plicated area of the aorta, deeply, 
where a strong thrill could still be felt (Fig. S). 

The blood pressure changed from the precorrection level of 160/30 to 130/70 mm Hg. 
Pulse tracings in tho aorta after plication showed a flattening of the dicrotic notch, as com¬ 
pared with proplication (Fig. 9). The plicated base measured 4.4 cm. in diameter, in 
contrast with 5.5 cm. preoperativcly; this effectively reduced the cross-sectional area at this 
le\el by approximately one third. 

The pericardium was closed loosely. The interspaces were closed with pericostal sutures, 
with a tubo brought out from each pleural cavity in tho fifth interspace for undemater 
drainage. Three sutures of O braided wire were placed to unite the divided ends of the 
sternum. Closure of the musculature and subcutaneous tissues was accomplished with running 
chromic sutures, and of the skin with running silk sutures. The patient received 3 units of 

•Supplied by the Ethlcon Suture Laboratories. Inc., New Brunswick, N. J. 
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blood during tlic operation, and his condition at the end of the operation was reasonably 
good. He reacted completely a shoit while after operation and showed no evidence of 
cerebral damage from either his shoit periods of cardiac inflow occlusion or the period of 
cardiac 1 esuscitation. 

Immediately on return to the recovery room the patient had a blood pressure of 240/100 
mm. Hg which gradually came down and stabilized within 5 hours at 130/70. Chest drainage 
in the first 24 hours was 1,250 c.c. and the patient received 1,500 c.c. of whole blood. On 
the first postoperative day the blood pressure was 200/? and pulses developed a “pistol shot" 
character. Symptomatically the patient had no complaints. On the second postoperative day 
a totally irregular pulse was noted with a rate of 138. The electrocardiogram was interpreted 
as showing a paioxysmal auricular tachycardia and the patient was started on a rapid 
digitalization schedule. Venous pressure at this time was 130 mm. of water and circulation 
time was 22 seconds, as compared to a preoperative venous pressure of SO and circulation 
time of IS seconds. The taelij'cardia continued with blood pressure maintained at 150/60-40, 



A. B. 

Fig. 9.—Aortic pressure curves before (A) and aftei {B ) plication operation in case of human 

aortic insufficiency. 


and qumidine sulfate and potassium clilotide were added to the therapeutic regimen. On 
the third postoperative day the electrocardiogram showed an auiicular flutter with 3:1 
block. On the fourth postoperative day the blood pressuie was 160/74-50 with a sharp diastolic 
change at 74. The patient continued to be comfortable and complained of no anginal attacks. 

The tachycardia continued unabated despite use of apparently adequate doses of 
digoxin, Cedilanid, and Quinidino until Maxell 14. On the ninth postoperative day the 
ventricular rate slowed to 80, and the electrocardiogram showed atrial flutter. On March 
17, 1959, the patient’s heartbeat comerted to a sinus tachycardia with a ventricular rate of 
100, and the course was benign until discharge on April 3. Prior to discharge the blood 
pressure was essentially the same in both arms, recumbent and sitting, at 140/44 mm. Ilg. 

When measured 3 months postopei atively the blood pressure was substantially unchanged. 
The patient could walk 12 to 20 city blocks, in part up hill, without shortness of breath or 
angina, and had taken no niti oglycerin since the operation. 
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DISCUSSION 

Open heart surgical techniques undoubtedlj will provide the optimum solu 
tion ultimately of the problems of aortic reguigitation Bicuspichzation of the 
valve Tilth cardiopulmonary bypass has been lepoited by Bailey, 1 Garamella,' 1 
and Hufnagel 6 and their associates foi palliation when a dilated aortic ung has 
been the dominant feature Efforts at complete valve replacement by a variety 
of prostheses when the cusps have been destiojed, have been described with 
some clinical success b} Lillehei 7 and by Hufnagel 6 Both of these types of 
open piocedures while clearly indicating the path for the future, must still 
be consideied in the light of the high opeiative mortality and the short follow up 
periods of observation in the survnois The technique of Gadboys and co 
workeis 3 for visualization of the aortic valve without occlusion or bypass 
merits investigation This widespiead concentration of effort reflects the 
general disinclination to accept the Hufnagel valve, as inserted into the aoita 
distal to the ongin of the left subclavian artciv, as an appiopnate answer to 
the problem 

Cases of aortic insufficiency suitable foi attempted collection bv the 
plication procedure, while comprising a small peicentagc of the total, may he 
selected by appropriate ladiologic stulies which demonstiate a dilated aortic 
annulus The ominous prognosis of this lesion when associated with severe an 
gina peetons is a strong indication foi palliative suiger} 

Foui technical details in the plication opciation, as descnbed heie, merit 
emphasis 

1 Excellent exposure of the noncoronary cusp area at the base of the 
aoita may be obtained by adequate dissection and mobilization The boundanes 
of the cusp itself often stand out eleaily, and the origin of the right coronar} 
artery is an additional important landmark antenoily 

2 Short intermittent penods of venous inflow occlusion permit placement 
of the plication sutures in a collapsed aoita, with insignificant blood loss 

3 The principle of passing both needles simultaneously for each mattress 
sutuie accomplishes two objectives (a) the 2 component parts of each suture 
are fixed m a moie accurate relationship to each other than would be possible if 
they were passed sepaiatelj, and (b) the time for passing each suture (and of 
each period of venous inflow occlusion) is effectively shortened to about one half 
of that consumed when each needle is passed separately The needle holdei 
designed for tlus purpose has a short coppei shelf on one jaw, and is described 
m detail m a separate communication " * Passage of these sutures was greatly 
facilitated by standing on the left side of the operating table, and appljmg the 
sutures posteriorly anteriorly 

4 The hazard of having the sutuics mode tluough the aortic wall mn} be 
minimized bv tiemg them ovcrbolsteis on each side of the aorta Ivalon piovcd 
to bo completelj satisfactoij foi this purpose If the bolster intended foi the 

•Supplied bj Codman and Shurtleff Inc Boston Moss 



662 


HURWITT, HOFFERT, ROSENBLATT 


J. Thoracic and 
Cardiovas. Surg. 


postei’ior side of the aorta is placed a short distance back of the 2 needle points, 
it will help to steady them in the grasp of the needle holder, and will come to 
rest against the posterior aortic wall when the suture has been passed. 

The significance of the relief of angina in the present case, as manifested 
by discontinuance of nitroglycerin and increased activity by the patient, is 
difficult to evaluate, particularly in view of the failure to maintain a sub¬ 
stantial measurable coi*rection of aortic valvular function as manifested by the 
wide pulse pressure. Reported relief of angina following a wide variety of 
procedures emphasizes the unreliability of this criterion. The phase of sub¬ 
jective improvement attendant upon the episode of hospitalization may be 
property discounted only after a prolonged period of postoperative observation. 
The initial reaction to this procedure, however, must be reported as favorable, 
and may be attributable to increased coronary flow associated with the change 
in contour of the aortic valve ring. 

SUMMARY 

1. Plication of the aortic ring has failed to correct aortic insufficiency 
produced acutely in dogs by avulsion of the noncoronary cusp of the aortic 
valve. 

2. Plication of the noncoronary cusp area at the base of the aorta has 
been accomplished in a clinical case of free aortic insufficiency associated with 
dilatation of the aorta, with subjective improvement in the early postoperative 
course (to date). 

3. The principle of simultaneous passage of two needles, swaged onto 
opposite ends of a strand of silk, permits accurate placement of a horizontal 
mattress suture in a minimum of time. 
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ADDENDUM 

April 11, 1960. It is now 13 months postoperatively. The patient has taken no 
nitroglycerin since operation, and walks stairs without dyspnea. The physical signs of free 
aortic insufficiency are still present. 



MITRAL COMMISSUROTOMY IN PREGNANCY 
A Study of 37 Surgical Cases 

A. M. Dogliotti, M.D.,* G. Dellepiane, M.D.,** A. Adis Dato, M.D., 

R. Gentilli, M.D., and P. N. Siliquini, M.D., Turin, Italy 

P regnancy in patients with mitral stenosis always presents to the cardiologist 
and to the obstetrician many puzzling problems: Will there he any serious 
risk for the mother during the course of pregnancy? In which conditions is 
therapeutic abortion indicated? Are there some clinical data on the basis of 
which it is possible to foresee the behavior of the circulatory system during the 
following months? Finally, what are the indications and contraindications for 
a mitral commissurotomy? 

Cardiac surgery, greatly developed in the last years, has definitely given 
the opportunity for a new approach and, often, a solution of these problems. 
The first results of valvulotomy for mitral stenosis, mostly concerning isolated 
cases, were reported in the literature in 3952: Cooley and Chapman, 11 Logan 
and Turner, 12 Brook,” Baker, Brock, and Campbell, 8 Rummel, 3 ” Mason, 14 and, 
in 1953, A. ill. Dogliotti, Actis Dato, and Angelino, 16 Sellors and associates, 82 
Oselladore, 2 ’ Burwell and Ramsay, 10 and Parkinson. 18 

The first commissurotomy performed during pregnancy was successfully 
carried out in 1953 by Prof. A. M. Dogliotti and reported by Dogliotti, Aetis 
Dato, and Angelino. In 1954, larger groups of patients were studied by dif¬ 
ferent authors: Crawshaw and associates 12 (12 cases), Watt 8 * (7 cases), Haars- 
ton 20 (2 cases), Kvauss and co-workers 21 (1 case), Provenzalc 2 ” (2 cases), Men- 
dclson 23 (6 cases), Glover and co-workers 10 (5 cases), Tisne 88 (1 case) and 
Acevedo 1 (2 cases) and their co-workers, Savi and Mczzasalma 81 (6 cases), 
Marshall and Pantridge 28 (18 cases), Dellepiane (successful operation during 
an episode of acute pulmonary edema, and report on 21 operated cases), and 
O’Connell and Mulcaliy 20 (emergency successful operation at the end of the 
pregnancy). 

In the Division of Cardiac Surgery of the Surgical Clinic of our University 
Hospital we have had the opportunity in these last years of studying thoroughly 
a fairly large number of patients. It is the purpose of this paper to discuss 
Bcceived for publication July* 8, 1959. 

•Director, Department of Cardiac Surgery, University of Turin Medical School. 
••Director. Department of Obstetrics and Gynecology, University of Turin Medical School. 
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from a surgical, hemodynamic, and therapeutic point of view the indications for 
mitral commissurotomy in pregnancy and to report on the results obtained in 
37 patients. 

Hemodynamics of Mitral Stenosis in Pregnancy .— 

The pathophysiologic dynamics of the circulation in the pregnant woman 
with mitral stenosis result from the hemodynamic effects of mitral stenosis 
along with those induced by pregnancy itself (Actis Dato, Angelino and Levi, 4 
Siliquini and Revelli 0 ): 

a. Oxygen-consumption is increased, more or less remarkably in every case. 

b. Arterial saturation of oxygen is not significantly varied. 

c. The arteriovenous difference of oxygen is always increased, especially 
during the second pai-t of gestation. 

d. The utilization coefficient of oxygen is increased, owing to the synergic 
effect of pregnancy-factors (increased coefficient at the uterus-level), and 
mitral defect (reduced cardiac output at the level of the tissues), and higher 
oxygen utilization, especially during the second part of pregnancy. 

e. Cardiac output and cardiac index are reduced. 

f. In pregnancy with mitral stenosis, the systolic output should moderately 
increase, but, on the other side, the mitral defect causes a reduced output so 
that finally the output appears generally insufficient. 

g. The work of the right ventricle is remarkably increased in relation to 
the degree of stenosis; the Avork of the left ventricle depends upon the entity 
of the defect, hut it is generally reduced. 

h. Pulmonary resistances are increased in relation to the mitral defect, the 
peripheral resistances cannot sIioav important valuations or appear slightly in- 
creased. 

Prom the compiled data, the conflict between the cardio-circulatory troubles, 
due to the mitral defect and the liecessity of increased Avork caused by preg¬ 
nancy, appears rather evident. This is the physiopathologic basis for the con¬ 
siderable deterioration of the circulatory condition which is brought about by 
pregnancy hi patients Avith mitral stenosis. 

MATERIAL 

The present study Avas carried out on a group of 37 Avomen. The ages 
Avere betAveen 21 and 43 years; A\-ithin these limits the patients were very ir¬ 
regularly distributed; lioAvever, the approximate mean age Avas 29 years. 

History .— 

A definite history of rheumatic fever Avas present in 9 subjects; in 15, 
repeated episodes of acute tonsillitis Avere reported; in 5, there Avas no evidence 
of preA r ious rheumatic disease. Peripheral emboli had occurred in 10 out of 
37 patients (27 per cent), prior to the time of surgery. Twenty-tAVo patients 
had had 1 to 4 pregnancies in the past; 6 had had spontaneous abortions; 11 
Avere at their first pregnancy at the time of this study. 
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The genet al symptomatology ot cnculatoiy insufficiency, such as, dyspnea, 
easy fatigability, palpitations, episodes of pulmonary edema and/oi hemoptysis, 
etc, had become 11101 c evident with the beginning ot piegnaney and became 
noise m the loll on nig months 

Clinical and Laboiatonj findings — 

Auscultation In 19 eases theie was the auscultatoiy and phonocaulio 
giaplue pattern ot puie initial stenosis—diastolic tumble, opening snap ot the 
initial valve loud and sometimes split second sound In addition to these 
signs, a systolic mnimui was piesent in 5 cases ovei the pulmonaiv aiea, m 4 


Table 1 - Rheumatic history in our patients 


Typical rheumatic infection 

17 CASES 

Tonsillitis 

Bnm 18 CASES 

TmO rheumatic history 

m 5 cases 


Table 2 - Embolic episodes before operation 


Brain 

EMBOLISMS 

™ 6 CASES 

Kidney 

EMBOLISMS 

1 1 CASE 

Limbs 

EMBOLISMS 

■ 3 CASES 


Table 3 - Pregnancies before operation 




IN 

11 

CASES 



_ 


20 


Abortion 

(1 or more) 

- 

IN 

6 

CASES 


oioi the aoita, and in G ovei the mid piccoidmm On the basis of their aspect 
and comparison lvitli the othei clinical data, these muimuis wore considered 
to be of a functional nature In 3 cases, a slioit sistolic apical muimui 
ladiatmg to the axilla suggested the association of a modeiatc initial msuf 
ficiency 

Elcctrocmdiogiam- Tlmti thtee patients liad nonnal smus llivtlim, 4 
had aiuieulai filnillation, 30 out of 37 showed definite evidence of light veil 
tuculai Iivx>ci-ti opliy 

Roentgenologic findings Standaid \ lav examination (tele c.udiogiam in 
the posteioanteuoi position, right and left oblique views) showed, m most 
cases, a tvpical initial configuration with pulmoiiau congestion (sec Tables 
IIX) 
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Surgical Procedure .— 

All patients have been operated upon between the third and the seventh 
month of pregnancy, more frequently during the third or the fourth month. 

Operative findings: Thirty-two patients had pure mitral stenosis, in 4 
there was some degree of mitral insufficiency, in 1 a moderate aortic insuf¬ 
ficiency. 

The surface of the mitral orifice was between 0.3 and 1.0 cm. 2 in 31, and 
between 1.1 and 1.5 cm. 2 in the other 6. 


Table 4 - Auscultation and phonocardiogram 


Characteristic finding 

OF PURE MITRAL STENOSIS 

■■■■■■ 19 CASES 

Finding of pure M.S. + 

SYSTOLIC MURMUR IN PULMONIC AREA 

■I 5 CASES 

Finding of pure M.S. + 

SYSTOLIC MURMUR ON THE AORTA. 

■ 4 CASES 

Finding of pure M.S. + 

SYSTOLIC MURMUR IN MESOCARD1 AC AREA 

M 6 CASES 

Finding of double 

MITRAL DEFECT 

■ 3 CASES 


TABLE 5 - ELECTROCARDIOGRAPHIC FINDINGS 


SINUS RHYTHM 


Auricular fibrillation 

■ 4 cases 

("to right 

Electric axis-^ 1n middle; position 

■■■■■■■■■ 29 CASES 

■■i 8 CASES 

Right ventricular hypertrophy 

30 CASES 


Table 6 - Roentgenological rinding 


Stasis of pulmonary vessels 

(++++)■ 3 cases 

(+++) ■■■■■ 16 CASES 

(++) ■■■ 15 CASES 

(+) ■ 3 CASES 

Enlargement of left atrium 

(++ + +)■ 4 CASES 

(+++) wmmmm 16 cases 

(++) mmmm 14 cases 

(+) ■ 3 cases 

Enlargement of pulmonary 

ARTERY 

(++++)■ 4 CASES 

(+ + +) ■■■■■ 15 CASES 

(++) mmm 10 cases 

( + ) mm 8 cases 

Hypertrophy of left ventricle 

■■■■ 14 CASES 
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The edges of the val\e weic clastic m 25 cases, seleiotie m 0, and widely 
calcified in 3 In 3, theie weic amiculai thiombi Aftei the operation the 
mitial orifice was between 21 and 2 5 cm 2 in 4 women, between 2 6 and 3 0 
ill 15, betw een 31 and 3 5 in 10, and betw een 3 6 and 4 0 in 8 

rallow up study Fiequcnt studies at legnlai intervals have been made 
toi 1 to 5 jears aftei opciation 


TABLE 7 - GESTATION PERIOD 
_AT TIME OF OPERATION 


Third month 

12 cases 

Fourth month 

18 CASES 

F1FTH month 

■ 4 CASES 

Sixth month 

■ 2 CASES 

Seventh month 

1 1 CASE 


TABLE 8 - INTRAOPERATIVE FINDINSS 


Pure mitral stenosis 


Mitral stenosis with 
MITRAL INCOMPETENCE 

■ 4 CASES 

Mitral stenosis with 
aortic valvular 

DISEASE 

1 CASE 


Conditions of the valves 


Elastic type 

■■Ml 25 CASES 

Sclerotic type 

■■ 9 CASES 

Calcified type 

■ 3 cases 


PREOPERATIVE SIZE 

OF mitral ostiums 

POSTOPERATIVE SIZE 

OF MITRAL OSTIUMS 

CM^ 

NUMBER OF 
CASES 

CM^ 

NUMBER OF 
CASES 

0.J-0.4 

■i 8 

isms 

■ 4 





0.5-1 

w+w 

2.6-3 

mmmm 15 





..1-1.5 

_!l 

3.1-3.5 

mam 10 



■■ 8 


TABLE 9 - 


Caroio-vascular conditions 
AFTER OPERATIONS AND DELIVERY 


Good or satisfactory 
CONDITIONS 


Little improvement 

m 5 CASES 
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RESULTS 

Maternal Mortality. —No deaths, cither during the operation or postopera- 
tively, occurred in this series. 

The cardiocirculatonj conditions after operations were very markedly or 
satisfactorily improved in 32 women; in 5, however, a general improvement but 
a slight exertional dyspnea and palpitation were still present. One of these 
had an associated aortic insufficiency and the other 4 an associated mitral in¬ 
sufficiency, clinically diagnosed before the operation. 

Course of pregnancy and delivery: Thirty of our patients had a normal 
delivery, 16 of them with forceps, with no complication of cardiac or circulatory 
insufficiency. Three women recently operated upon were still pregnant at the 
time this report was written; they are having a normal gestation without cardiac 
discomfort. In 3, intrauterine death of the fetus followed the operation; 1 
patient had a successful cesarean section at the end of a normal gestation. 

DISCUSSION AND CONCLUSION 

Clinical Observations .— 

The embolic episodes before operation have been extremely frequent in this 
series of patients; the incidence of 27 per cent being higher than that usually 
foiuid in mitral stenosis (Aetis Dato and Weisz, 5 an analysis of 1,074 consecu¬ 
tive cases). This difference is not easily explained since most of our patients 
were of comparatively younger age and in sinus rhythm. As for as pregnancy 
is concerned, however, no definite relation appears to be because all reported 
embolic episodes had ocurred before pregnancy. Another interesting observa¬ 
tion was the fact that 26 of our 37 patients had had in the past one or more 
pregnancies, most frequently followed by a normal delivery; however, the last 
pregnancy was accompanied by a more or less marked aggravation of their 
clinical symptoms. In fact, deterioration of the clinical condition of the patients, 
with increasing palpitation, dyspnea, frequency and severity of attacks of pul¬ 
monary edema or hemoptysis, was noted at the beginning of the last pregnancy. 

We can state that most of the women subjected to mitral commissurotomy 
in our Centre came to the hospital not only on the advice of the physician but 
mainly because of the severe impairment of their cardiac status, which they had 
not experienced in the previous pregnancies. Other patients whose previous 
pregnancies had to be interrupted came to the cardiac surgeon with the hope 
of being cured and becoming able to carry on normal gestation and delivery. 

The causes responsible for the aggravation of the clinical symptoms of 
mitral stenosis during pregnancy arc several and complex. The increased load 
on the heart imposed by the changed metabolic conditions, oxygen consumption, 
and cardiac output plays evidently the most important role. However, another 
important factor is probably the increased water retention, due to hormonal in¬ 
fluences, which can further aggravate the phenomena of stasis and congestion. 
We wish to emphasize finally that in most of our cases there was a very tight 
mitral orifice; it is reasonable to assume that in these subjects with cardiac con¬ 
ditions already impaired that the load imposed by gestation will cause most 
severe signs of insufficiency. 
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In 14 cases there was a systolic murmur but no valvular delects could be 
demonstrated by hemodynamic or clinical data, nor by observations at operation. 
In fact, most of the murmurs disappeared or were greatly reduced after com¬ 
missurotomy or after delivery. They are very likely due to the decreased cir¬ 
culation time and do not patliogenctically differ from those in many other 
physiopathologic conditions, such as hyperthyroidism or anemia. We wish to 
emphasize the importance of these murmurs, which are very frequent in the 
pregnant women. A correct recognition of their functional (or inorganic) 
nature is necessary in order to obtain an exact diagnosis. 

The majority of our patients (32 out of 37) were in sinus rhythm; the 
percentage of auricular fibrillation (about 12 per cent) is definitely much lower 
than those in the general population who have mitral stenosis who undergo 
surgical treatment. The reason for this discrepancy is probably that all our 
patients were of a comparatively younger age and did not show important myo¬ 
cardial damage. 

In all of 32 subjects with pure mitral stenosis, x-ray examination had shown 
some degree of left ventricular enlargement. This phenomenon is probably re¬ 
lated to the circulatory changes which take place during gestation, since cadiac 
rate, at least at rest, does not show considerable modifications. An increase in 
cardiac output can only be accomplished by an increase of stroke volume, hence 
of the size of the heart. 

In the study of our patients we have paid considerable attention to the 
problems of the clioiee of the safest time for operation: 30 patients were operated 
upon in the third and fourth months of pregnancy, while in the other 7, opera¬ 
tions were done in the fifth, sixth, and seventh months. 

Some cases have been reported in the literature (O’Connell, 5 ' 1 Marshall 
and Pantridge 53 ) in which a successful commissurotomy was performed as late 
as the eighth and ninth month. In our own experience, however, the best period 
for operation is the fourth month and, actually, it should be performed as soon 
as possible. 

In no case was there a complication of postoperative recurrence of rheumatic 
fever. According to some authors the endocrine changes occurring during 
pregnancy act favorably in preventing rheumatic manifestations. 

Our patients who had been operated upon were kept under careful medical 
control and continued digitalis treatment. After a complete cardiological and 
obstetrical follow-up study through gestation, delivery, and puerperium, we 
may state that pregnancy by itself does not increase in any way the risks, the 
difficulties, or the complications of mitral commissurotomy. 

Indications for Mitral Commissurotomy During Pregnancy.— 

On the basis of our data it is possible to establish some criteria which will 
help the cardiologist and the obstetrician to solve this important problem, which 
they always have to face. 

1. The knowledge of the cardiac status during previous pregnancies is an in¬ 
direct datum of great help in the prognosis of the disease during the present 
gestation; a history of previous pregnancies without nnv sitm nf 
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circulatory failure may orientate the physician toward medical rather than sur¬ 
gical treatment, which is, on the contrary, indicated if cardiac abnormalities 
develop. 

2. A progressive deterioration of cardiac conditions before and/or during 
gestation is a definite indication for prompt surgical treatment. 

3. The sudden occurrence of an attack of pulmonary edema is usually a 
symptom of the downhill tendency of hemodynamic conditions and is therefore 
a clear-cut indication. In one of our patients an emergency operation was 
performed at the third month during an acute attack of pulmonary edema 
which promptly ceased at the moment the mitral orifice was dilated. 

4. In cases of combined valvular lesions (associated mitral and aortic 
lesions associated stenosis, and insufficiency of the mitral valve), the problem of 
surgical treatment is always very difficult even in the absence of a pregnancy, 
and needs a careful consideration of every single situation, possibly before 
pregnancy begins. If an aortic stenosis is associated with mitral stenosis, a 
combined mitral and aortic valvotomy can be advised and successfully perfromed. 
If, on the contrary, a severe aortic or mitral insufficiency is associated, the 
chances of successful medical treatment of an already failing heart are very 
small. It is also extremely difficult to evaluate the possibilities of continuing 
a normal gestation, and of accomplishing a normal delivery without danger to 
the mother. The prognosis of these patients mil certainly improve when a re¬ 
liable method of surgical repair of the combined lesions is possible. 

5. We think it is a good policy to perform the operation even in the mild 
case. The aim of cardiac surgery must be, in fact, not only to cure the estab¬ 
lished symptoms, but also to prevent the occurrence of future manifestations, 
which can appear in the last half of pregnancy, particularly during the 
delivery. 

It can conclusively be slated that commissurotomy must be advised and per¬ 
formed without irrational doubts or fears in every case of pure mitral stenosis, 
the best time being the first months of gestation. 

Mitral stenosis is not an indication for a therapeutic abortion. 

SUMMARY 

Clinical and instrumental findings in 37 women operated upon by mitral 
commissurotomy during pregnancy are reported. 

The maternal mortality was zero, and immediate and long-term clinical 
results were satisfactory. Three postoperative abortions occurred at various 
intervals after the operation. 

The hemodynamic conditions in pregnant women with mitral stenosis arc 
described in detail on the basis of the writers' personal observations. 

The criteria for the evaluation of the indications for mitral commissurotomy 
during pregnancy are discussed. 
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S urgical therapy for coronary artery disease lias met with two imposing 
problems. On the experimental side, there has been confusion and con¬ 
flicting evidence on the type of experimental occlusion and consequently there 
has been inconclusive assessment of the value of an experimental “therapeutic” 
procedure. On the clinical side, the disease is a potpourri, and case selection, 
as well as evaluation of therapy, has revolved around the symptom of angina 
pectoris (the number of attacks, the quantity of nitroglycerin used, etc.), or 
the presence of historical and electrocardiographic evidence of prior myocardial 
infarction. Assessment of the patient with angina is enigmatic and judgment of 
the prognosis of the individual patient in the second group, for purposes of 
evaluation of any therapy, has proved difficult and requires a large number of 
cases as seen in the decoagulant studies of recent years. 1 

We feel that the group of patients undergoing acute critical infarction and 
not responding to medical therapy, who usually die, would constitute an 
evaluable set of patients if treated and preserved by surgery (almost certainly 
of the direct type). It might be noted that the effect of the direct surgical 
attack in the chronic case is presumptive and has not been properly tested in 
the experimental animal. 

The appropriate test animal would be one undergoing a coronary occlusion 
that is fatal within a few days, and preferably occurring in the awake, closed- 
chest subject. 

Acute ligation of the anterior descending branch of the left coronary 
artery has been used as a standard and is said to result in a 70 per cent mortality 
in dogs. 2 However, studies in various laboratories have shown wide variance in 
results, with mortality ranging from 0 to 100 per cent. 3 The differences are 
apparently due to many factors: site of ligation, inclusion of the main septal 
branch, anatomic variations, antecedent medication (especially atropine), anes¬ 
thesia, etc. 4 In order to minimize some of the variables, slow occlusion in an 
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unanesthetized animal with a closed chest has been introduced and used moie 
widely This pieparation should gne moie consistent lesults in addition to 
moie lieaily simulating coionaiy artery disease in mail Many methods have 
been employed to pioduce a slow occlusion multiple acute ligations 5 , appli 
cation of silver clips 3 r , encompassing the artery with peiiosteum, 0 cellophane,' 
bakclitc lings, 7 sihei bands 3 8 , spring clamps with jaws sepaiated by catgut 9 , 
sciew clamps left inside the chest 10 ll , sciew clamps 12 ”, or snaies” with a 
controlling deuce implanted undci the skill, ladioactive material 1 -, injecting 
sclerosing 01 fibioplastic agents 16 , and cannulating with a small polyethylene 
tube 17 Most of these slow occlusions have been applied to one of tin ee coronan 
aitenes light, cncumflex left, 01 antenor descendmg left 

This laboiatory has been mteicsted m the direct suigical approach to the 
pioblem of coionarj artery disease rather tlian the introduction of multiple 
small new channels 18 Slow occlusion of the main stem left coionary aiteiy 
seemed to offer a major site of occlusion, segmental ill natuic, and a coiomrv 
aitery of adequate size foi application of some foim of dnect suigical appioach 
would remain The length of the mam stem left coionaiy aiteiy, befoie it dnides 
into the antenoi descending and cncumflex lann, is less than 1 mm in some dogs 
and as long as 4 mm in olheis The method of occlusion must be tailoicd to 
these anatomic limits The pin pose of this papei is to describe the method 
ev olxed and the subsequent results 

In 1950, Beiman 19 introduced Ameroid, a casein plastic which has the pi op 
eitt of absoibmg water when bathed in a salt solution and thus slowly expanding 
in tissue lie produced giadual \asculai occlusion m a liumbei of \esscls in 
eluding the coronary arteries Litvak, Sidendes and Vmebeig'' 0 made sleeves 
of Amcioid and placed them mound the anterioi descending and cncumflex 
branches of the left coionaiy Since we were mteicsted in occluding the mam 
stem arteiy, the use of Ainei old m slcci es was impossible 

METHOD 

Young adult, healthy, mongiel dogs, weighing 11 6 to 21 S kilogiams, weie 
anesthetized with intravenous veterinary pentobarbital sodium and intubated 
with a cuffed endotracheal tube Eespnation was contiollcd by manual com 
piession of an inflated bag which delivered 100 per cent oxygen m a closed 
cncuit McKesson system containing a eaibon dioxide absoibent With the 
right side down, the left hemithoiax was cnteied through the fourth or fifth 
mteicostal space The pericardium was incised antenor and paiallcl to the 
pluenic neive A traction sutuie was placed m the left auriculai appendage 
and the pulmonaiy aiteiy was gently displaced antenoily The cpicaldium 
and fat weic incised to expose the mam stem of the left coionaiy- arteiy Kum 
her 4-0 silk on an atraumatic needle was passed around the mam stem by pissing 
the blunt end of the needle first so as to avoid pieicing the aiteiy- oi its septal 
blanch Caie was taken to pass the sutuie as close to the aorta as possible 
This sutuie was tied to a No 0 black silk ligature which was then pulled 
through (Pig 1) A wafer of Ameioid, 5 mm in length, G mm m diametei, 



674 


DAICOEE ET AL. 


J. Thoracic and 
Cardiovas. Sun;. 


and grooved on two sides, was then tied down over the main-stem left coronary 
artery (Fig. 2). The pericardium and chest were closed in routine fashion; 
tube suction drainage of the pleural cavity was performed for 4 to 6 hours 
postoperatively to insure full re-expansion of the lungs. Broad spectrum 
antibiotics, usually tetracyclines, were given daily postoperatively. 



Fig. 1.—Tlie left coronary artery with the ligature in place as seen at operation. The 
left auricular appendage is retracted to the right. The pulmonary artery is seen above and 
to tlie left of the main-stem artery. 

Fig. 2.—The Ameroid wafer is tied in place over the main-stem left coronary artery. 


RESULTS 

■ Twenty-nine dogs were prepared by the method described. Twenty dogs 
died between 4 hours and 10 days postoperatively and all exhibited severe oc¬ 
clusion of the main-stem left coronary artery, except 1 which died of pneumonia 
(Table I). The remaining 9 dogs were sacrificed in 1 month and showed widely 
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patent or minimally occluded main-stem arteries; the Ameroid and ligature were 
in place, but had not been tied down adequately. 

Electrocardiograms were obtained preoperatively, immediately postoper- 
atively, and almost daily thereafter. .All tracings were obtained with the dogs 
in the supine position in order to minimize variations due to positional changes. 
No animal showed changes diagnostic of myocardial infarction. Transient S-T 
changes were common. Arrhythmias were common, ranging from ventricular 
extrasystoles and left bundle branch block to ventricular fibrillation. Terminal 
ventricular fibrillation was demonstrated in 4 dogs (700, 88, 618, and 152). 

The animals were autopsied as soon after death as possible.' The diameter 
of the Ameroid wafer was measured. Approximately one-half of the swelling 
occurred in the first 24 hours; i.e., 6.0 mm. to 6.7 mm. or an increase of 0.7 mm. 
(Pig. 3). Because the occluding ligature encircles the wafer, the circumfer- 



INCREASE IN DIAMETER OF AMEROID FROM 6.0 MM 

Fig. 3. Curve showing the rate of swelling - of the Ameroid as determined by preoperative 
and postmortem measurement. 

Table I. Survival Data 


DOG NO. 

| SURVIVAL 

520 

4 hours 

170 

1 day 

77S 

1 day 

358 

1 day 

351 

2 davs 

111 

2 days 

660 

3 days 

595 

3 days 

152 

3 davs 

700 

5 dajs 

171 

6 davs 

618 

6 davs 

730 

7 days 

19 

7 days 

147 

S days 

816 

S davs 

707 

9 davs 

793 

10 days 

88 

10 days 
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enee rather than the diameter is the effective dimension. The maximum cir¬ 
cumferential change was in excess of 4 mm. in 10 days. It can he seen, there¬ 
fore, that in order to occlude completely the main-stem artei*y, which lias an 
average diameter of 5 mm., some mild degree of occlusion must he produced by 
the ligature at the time the wafer is tied in place (Fig. 4). This difficulty was 
overcome with inei’easing experience. 

A distinct advantage of this method was that an estimate of the degree of 
occlusion could he made by probing the coronary ostium via the aorta with 
various sized probes. In the group of animals dying with severe coronary oc¬ 
clusion, 15 had ostia measuring 1.0 mm. or less in .diameter; 4 had ostia measur¬ 
ing 2.0 mm. or slightly less. The remaining 10 dogs had widely patent ostia 
ranging from 2.5 to 5 mm. in diameter; in 1 dog the ligature was distal to the 
septal branch. All survivors were in the last group. 



Fig. 4 —Photograph showing Amerold wafer preoperatively (right) and at postmortem, 10 

days after operation (left). 

There was no gross or microscopic evidence of myocardial infarction. In 
one-half of the animals there was histologic indication of varying degrees of 
pulmonary edema. Sagittal microscopic sections were made through the artery 
at the site of the occlusion. These sections do not give an accurate account of 
the terminal degree of patency of the vessel since the Ameroid and ligature 
must be removed. They show indentation of the wall of the vessel and varying 
degrees of pi*essure necrosis; distal organized thrombi and intimal proliferation 
are seen occasionally (Figs. 5 and 6). 

DISCUSSION 

The desired 100 per cent lethality was not obtained with this method of 
coronary arterial occlusion. However, a. subject is produced in which treatment 
by drug or surgery can be tested, since survivors can be checked accurately for 
left coronary ostium size by transaortie measurement. More importantly, the 
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animals produce tlie picture of au acute coronaiy insufficiency within a few days 
and suigieal therapy in this acute stage can be put to trial. 

This type of acute, major coronary aitenal occlusion is lethal and ns 
demonstrated can be associated with ventricular fibrillation. Murray 11 observed 
that coronaiy occlusion results in cyanosis, dilation, and asystole in the area of 



Fig: 5 —Sagittal microscopic section of the anterior descending: branch and main-stem 
left coronarj artery at the site of occlusion There is tenting and pressure necrosis of the 
vessel wall Organized thrombi can be seen In the anterior descending branch 

Fig 6—In addition to the previously noted features, this vessel shows intlmal prolifera¬ 
tion 

myocardium supplied by the ligated vessel, and he hypothesized that this results 
in “paradoxical systole,” fall in blood pressure, decrease in left ventricular out¬ 
put, and eventual ventricular fibrillation and death McEachem’s studies” 
suggest that the mechanism of ventricular filnillation may he mediated via the 
sympathetic nerves from the heart. Beck- 3 claims that unequal blood supply 



678 


DAICOFF ET AL. 


J. Thoracic and 
Cardiovas. Surg. 


and oxygen potentials result in electrical instability and lienee ventricular 
fibrillation. 

Because tlie dog lias intereoronaiy anastomoses to a greater extent than 
human beings, the use of this animal has been criticized. 24 ’ 25 However, in this 
subject the potential protection of many of these anatomoses has been obviated 
by occlusion at the main stem of the left coronary artery. Survival from 
occlusion at this point has been rare in other studies. Litvak, 20 in slowly occlud¬ 
ing the anterior descending and circumflex rami concomitantly, had all 12 dogs 
die between 4 and 26 days. Lowenfels 9 was able to occlude slowly the main- 
stem left coronary artery in 12 dogs and all but 1 died within 1 month. In our 
series, all the dogs with severe occlusion of the main left coronary artery died 
within 10 days. These animals showed no gross or microscopic evidence of myo¬ 
cardial infarction and can be compared with the group of patients who die soon 
after an acute episode of coronary insufficiency. Studies are now in progress chal¬ 
lenging the usefulness of arterial grafts from the aorta to the circumflex or an¬ 
terior descending ramus with this method of occlusion. If this is successful, 
then staged therapy in the post-occlusion period will be attempted. Comparison 
can also be made with drug-treated, sympatliectomized, and decoagulated 
subjects. 

CONCLUSIONS 

1. Occlusion of the main-stem left coronary artery has been produced in 
the awake, closed-chest dog with a simple ligatui’e encompassing the artery and 
an absorbing plastic wafer (Ameroid). 

2. Nearly complete occlusion of the artery results in the death of the dogs 
in less than 10 days. This is associated with ventricular arrhythmias, but no 
histologic evidence of infarction. 

3. Lethal occlusion was obtained in 19 of 29 animals in this initial series. 
Degree of occlusion can be measured transaortically and the surviving group 
can be separated readily with this indicator of failure to occlude the vessel. 
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AUTOTRANSPLANTATION OF THE PULMONIC 
VALVE INTO THE AORTA 

Richard R. Loiver, M.D., Raymond C. Stofer, D.V.M., and 
Norman E. Shinnway, Al.D., Palo Alto, Calif. 

T he search continues for the ideal aortic valve replacement. Although 
plastic valves have provided successful palliation in some cases, their use¬ 
fulness remains limited. Aortic valve homografts were tried experimentally 
by Hufnagel 1 and by Lam and co-workers 2 who found that normal function of 
the cusps did not persist. Murray 3 obtained a more favorable impression of 
valve homografts from his experimental work and reported their use in a few 
patients with aortic insufficiency. However, collective clinical and experimental 
experience with vascular homografts suggests that they will ultimately prove 
unsatisfactory. The disadvantages of synthetic and liomograft valves make the 
use of a valve autograft an attractive alternative. Several reports 1 ' 10 in the 
literature have indicated that pulmonic valvular insufficiency may be unusually 
well tolerated; for this reason the pulmonic valve was selected for investigation 
as an autogenous transplant. 

The purpose of this report is to describe an experimental technique for 
excision of the intact pulmonic valve and its transplantation into the descending 
thoracic aorta of the dog. This transplantation is accomplished during total 
cardiopulmonary bypass utilizing anoxic cardioplegia and selective hypothermia 
of the heart. 

METHOD 

Healthy adult mongrel dogs, weighing from 13 to 28 kilograms, were anes¬ 
thetized with intravenous sodium pentobarbital given in a dosage of 30 mg. 
per kilogram. One hundred per cent oxygen was administered through a cuffed 
endotracheal tube with an electronic respirator. Each dog was placed on the 
right side, and a thoracotomy was performed through the left fourth interspace. 
Pleural reflections in the anterior mediastinum were divided to allow access to 
the azygos vein and superior vena cava. The azygos vein was ligated and tapes 
were passed about the extra-pericardial portions of the superior and inferior 
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venae cavae. The latter vessel was approached through the pleural reflection 
inferior to the pericardial sac and anterior to the phrenic nerve. The peri¬ 
cardium was then opened longitudinally anterior to the phrenic nerve, and its 
edges were sutured to the muscular borders of the incision, thus creating a peri¬ 
cardial well for the heart and eliminating pulmonary tissue from the operative 
field. 

Following the administration of heparin in a dosage of 2 mg. per kilogram, 
the superior vena cava was cannulatcd by passing a catheter through the ex¬ 
ternal jugular vein so that the tip lay just proximal to the occluding tape. 
The inferior vena cava was cannulatcd through the right atrial appendage. 
Insertion of the catheter was facilitated by momentarily rotating the heart to 
the left. 

A rotating disc oxygenator* was utilized in all experiments for total cardio¬ 
pulmonary bypass. A femoral artery and a carotid artery were cannulatcd 
and connected by means of a Y adapter to the arterial limb from the oxygenator. 
Venous return from the venae cavae was collected in a reservoir by gravity 
flow and supplied to the oxygenator by a rotary pump. During resection of 
the pulmonic valve, the heart was rendered quiet and dry by occluding the 
aorta and pulmonary artery with a eloth-eovered Satinsky clamp passed through 
the transverse sinus. Throughout the period of cardiac anoxia, the pericardial 
well was perfused with a drip of cold isotonic saline, as described in a previous 
publication, 11 to provide selective hypothermia of the heart. The left heart 
was decompressed by a left atrial catheter which diverted bronchial drainage 
into the venous reservoir. Blood pressure was continuously monitored with a 
cannula in the contralateral femoral artery. Fig. 1 depicts schematically the 
bypass technique 

Following the institution of total cardiopulmonary bypass, the aorta and 
pulmonary artery were occluded. The pulmonary artery was immediately 
transected just distal to the valve commissures and any blood remaining in 
the heart was removed. A small transverse incision was made in the anterior 
wall of the right ventricular outflow tract a few millimeters proximal to the 
margin of the anterior cusp. The incision of the myocardium along the cusp 
borders was then completed under direct vision and the annulus was dissected 
free of the aorta resulting in removal of the valve intact. Special care was 
taken to avoid injury to the very adherent aorta and to the anterior descending 
branch of the left coronary artery which courses in close proximity to the pul¬ 
monic annulus. After resection of the valve, the aorta was momentarily un¬ 
damped to allow identification of bleeding vessels in the cut myocardium and 
areolar tissue which surrounded the excised segment of the pulmonary artery. 
These were clamped and ligated. Any injury to the aorta was also identified 
and sutured at this time. 

Despite the demonstration iii early experiments that survival was possible 
with re-anastomosis of the pulmonary artery to the right ventricular outflow 
tract, it was subsequently decided that a short length of aortic homografl would 
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facilitate restoration of continuity between the right ventricle and pulmonar 
artery without tension or angulation. Accordingly, a fresh segment of ascend 
ing aorta was obtained from a donor animal before each experiment. Tli 
homografts averaged 2 cm. in length and the slightly curved shape seemed ap 
propriate for joining the right ventricle and pulmonary artery. Followin; 
insertion of the homograft, the aortic clamp was removed and the cold salin 
drip discontinued. 



Fig. 1.—Schematic drawing of the heart-lung bypass. The cold saline drip perfuses th 
pericardial well providing hypothermia of the heart. The left atrial catheter diverts bronchia 
flow during aortic occlusion. 


During the anoxic period, ventricular fibrillation inevitably occurred abou 
3 to 5 minutes following aortic occlusion; however, the selective hypothermii 
rendered the fibrillating heart almost motionless. Following aortic disocclusioi 
the cardiac temperature returned toward normal and the fibrillation becam 
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more vigorous. At this point, gentle massage was administered, followed by 
electric shock defibrillatnm in a few instances where defibrillation could not 
be effected with one oi 1\\< shm ks a small amount of epinephrine was delivered 
into the left ventricle t i mduie coronary vasodilatation. Following this ma¬ 
neuver defibrillation v.is mi iiubly accomplished. 

The second pait ot il ipeiative procedure was canned out during con¬ 
tinued perfusion throv tin carotid and femoral arteries. The descending 
aorta was dissected tin tumi its bed for a few centimeters distal to the left 
subclavian artery and do dot In tween two Potts clamps. The excised pulmonic 



Pic- 2—The completed transplantation show ing the pulmonic valve in the descending 
aorta and a small segment of arterial homograft restoring continuity between the right ventricle 
and pulmonary artery 


valve was then interposed between the cut ends of the aorta using a continuous 
suture technique reinforced where necessary by interrupted sutures Oil com¬ 
pletion of these anastomoses, aortic clamps were removed and perfusion was 
gradually terminated Protanunc sulfate in a dosage of approximately 3 urn- 
per kilogram was administered slowly over several minutes When bleeding 
seemed satisfactorily controlled, pleural reflections were sutmed over the auto¬ 
graft and the chest was closed in layers. Two chest catheters were attached 
to suction apparatus for several hours postoperatively, and blood replacement 
was given when necessary. Penicillin and streptomycin ueie administered 
over a 5-day period. Fig. 2 illustrates the completed transplantation of the 
pulmonic valve. 


RESULTS 

Tlurty dogs were subjected to tins operative procedure. The mortal' 1 -' 
rate was high and uncontrollable bleeding accounted for most of the death’ 
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It was interesting to note that recovery oi‘ the heart from the anoxic period 
was usually prompt despite absence of the pulmonic valve. 

Bleeding came primarily from two sources. During dissection of the pul¬ 
monary artery and valve with the aorta occluded, bleeding points were not 
easily identified. In addition, damage to the root of the aorta where it is fused 
to the pulmonic annulus was often undetected. Once the segment of liomograft 
was inserted and the aorta unclamped, it was almost impossible to expose the 
bleeding vessels. The procedure was then changed to include momentary dis- 
occlusion of the aorta following excision of the pulmonic valve and annulus. 
This allowed the bleeding points to be identified and ligated. This momentary 
unclamping of the aorta at about the 10-minute point in the anoxic period may 
have served to supply a small .amount of oxygenated blood to the myocardium, 
although this interval of coronaiy flow was necessarily veiy brief to avoid 
excessive blood loss. 

The second troxiblesome source of hemorrhage was the anastomosis between 
the ti’ansplanted valve and the aorta. Technical difficxilty resulted from the 
disparity in diameter, especially between the proximal or myocardial end of 
the graft and the descending aorta. In addition, the thinner substance of the 
graft under systemic pressure tended to balloon out between sutures and pro¬ 
vide sources of bleeding. It was soon learned that meticulous placement of 
sutures was necessary to effect a satisfactory anastomosis. This necessitated 
mg periods of perfusion which seemed uniformly well tolerated. Clotting ab- 
nrmalities were not apparent in those animals surviving operation. 

Another fatal complication of earlier procedui’es was occlusion of the left 
anterior descending coronary artery by extensive suturing of the dissected tis¬ 
sues to obtain hemostasis following excision of the pulmonic valve. The subse¬ 
quent technique of temporary disocclusion of the aorta allowed more precise 
ligation of bleeding vessels, and the complication of coronary occlusion was 
usually avoided. 

The periods of cardiac airoxia, interrupted only by the momentary un¬ 
clamping at approximately the 10- or 15-minute point, extended for 30 to 57 
minutes. The animals were easily defibrillated and good cardiac action was 
obtained in all except in the few which had suffered coronary ligation. If 
subsequent death occurred, it was invariably due to rurcontrollable bleeding. 
In comparison with prior series of animals subjected to comparable periods of 
anoxia under selective hypothermia, 11 the complete pulmonic valvular insuf¬ 
ficiency did not appear to provide an additional burden to the heart during 
recovery. It was noted that a small area of myocardium about 1 cm. iir width 
adjacent to the anastomosis between the homograft and the right ventricular 
outflow tract on the anterior surface was frequently infarctcd, apparently due 
to section of a branch from the anterior descending artery. This area has 
produced iro adverse effects. 

Table I lists the dogs surviving the operation. The first animal underwent 
only resection of the pulmonic valve with re-anastomosis of the pulmonaiy 
ailery and right ventricxxlar outflow tract. When sacrificed at 5 weeks, he 
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appealed well and the lieait was of noimal size Three dogs died within the 
fust 2 weeks fiom aoitic ruptuie at tlie sutuie line This was to some extent 
anticipated as extensive sutuiing was often necessuj to control bleeding and 
tins may liaie lesulted in neciosis, paiticulailj at the mjocardial end of the 
giaft 


Time I Aniwais SuruvmG Opeiation 



WEIGHT ! 
1 ) 

in rATION OF 
CARDIAC ANOMA 
(MIN ) 

TOTAI I EFFUSION 

TIME 
(MIN ) 

RLSULT 

1 

1 G 0 

32 

5G 

Sacrificed at 5 weeks 

o 

18 3 

41 

85 

Surviving and well 

3 

no 3 

38 

7G 

Surviving and well 

4 

13 0 

41 

97 

Died fifth postoperative da), rupture 
of aorta 

5 

22 3 

38 

90 

Died at 2 wcel s, largo pericardial 
effusion 

G 

20 0 

46 

10G 

Sunning and well 

7 

17 0 

40 

90 

Died at 3 wcels lar^e pcncnrdinl 
effusion transplanted valve ap 
peared normal 

8 

10 0 

43 

92 

Died nmtl\ postopeiatne da), rupture 
of aorta 

9 

15 1 

34 

92 

Died ninth postoperative da), rupture 
of aorta, infection at site of 
rupture 

10 

27 8 

47 

114 

Died tenth postoperative da), cm 

11 

18 0 

39 

93 

Died first postoperative day, homo 
thoia\ and atelectasis 

12 

oq o 

42 

SG 

Surviving and well 

13 

212 

47 

99 

Surviving and well 

14 

20 0 

39 

95 

Surviving and well 


The sui\ning animals appear to be normally active and without signs of 
heart failnie They will be the subject of fuithci study to detoiminc the ulti 
mate fate of the autogiafted valves 


discussion 

The question of lion essential the pulmonic v live is to uoimal cnculatoiy 
function remains incompletely answeied Although isolated pulmonic msuf 
fieieney is raiely encounteied clinically, the indenting fioquency of siugen 
for congenital pulmonic stenosis laiscs a piactical question concerning the lisk 
of suigically producing pulmonic valvular insufficiency Accoidmgly, seveial 
investigatois have pioduced vaiying dcgices of expellmcntal, pulmonic msuf 
fieieney in attempting to elucidate the significance of tins lesion 

Ellison 4 and Katcliffe 5 and their associates subjected dogs to complete ex¬ 
cision of the pulmonic cusps Then most staking obseivation was tint the 
animals remained asymptomatic even though some were subjected to lcgulai 
exercise The foimer group piescnted cudiac cathetciization studies which 
continued the piesence of free pulmonic reguigitation but dcmonstiatcd m all 
animals normal eaidiac output and normal end diastolic piessures in the right 
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It was interesting to note that recovery of the heart from tlie anoxic period 
was usually prompt despite absence of the pulmonic valve. 

Bleeding came primarily from two sources. During dissection of the pul¬ 
monary artery and valve with the aoi’ta occluded, bleeding points were not 
easily identified. In addition, damage to the root of the aorta where it is fused 
to the pulmonic annulus was often undetected. Once the segment of homograft 
was inserted and the aorta undamped, it was almost impossible to expose the 
bleeding vessels. The procedure was then changed to include momentary dis- 
oeclusion of the aorta following excision of the pulmonic valve and annulus. 
This allowed the bleeding points to be identified and ligated. This momentary 
unclamping of the aorta at about the 10-minute point in the anoxic period may 
have served to supply a small .amount of oxygenated blood to the myocardium, 
although this interval of coronary flow was necessarily very brief to avoid 
excessive blood loss. 

The second troublesome source of hemorrhage was the anastomosis between 
the transplanted valve and the aorta. Technical difficulty resulted from the 
disparity in diameter, especially between the proximal or myocai’dial end of 
the graft and the descending aorta. In addition, the thinner substance of the 
graft under systemic pressure tended to balloon out between sutures and pro¬ 
vide sources of bleeding. It was soon learned that meticulous placement of 
sutures was necessary to effect a satisfactoiy anastomosis. This necessitated 
>ng periods of perfusion which seemed uniformly well tolerated. Clotting ab- 
ormalities were not apparent in those animals surviving operation. 

Another fatal complication of earlier procedures was occlusion of the left 
anterior descending coronary artery by extensive suturing of the dissected tis¬ 
sues to obtain hemostasis following excision of the pulmonic valve. The subse¬ 
quent technique of temporary disocclusion of the aorta allowed more precise 
ligation of bleeding vessels, and the complication of coronary occlusion was 
usually avoided. 

The periods of cardiac anoxia, interrupted only by the momentary un¬ 
clamping at approximately the 10- or 15-minute point, extended for 30 to 57 
minutes. The animals were easily dcfibrillatcd and good cardiac action was 
obtained in all except in the few which had suffered coronary ligation. If 
subsequent death occurred, it was invariably due to uncontrollable bleeding. 
In comparison with prior series of animals subjected to comparable periods of 
anoxia under selective hypothermia, 11 the complete pulmonic valvular insuf¬ 
ficiency did not appear to provide an additional burden to the heart during 
recovery. It was noted that a small area of myocardium about 1 cm. in width 
adjacent to the anastomosis between the homograft and the right ventricular 
outflow tract on the anterior surface was frequently infarctcd, apparently due 
to section of a branch from the anterior descending artery. This area has 
produced no adverse effects. 

Table I lists the dogs surviving the operation. The first animal underwent 
only resection of the pulmonic valve -with re-anastomosis of the pulmonary 
artery and right ventricular outflow tract. When sacrificed at 5 weeks, he 
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HEART BLOCK FOLLOWING INTRACARDIAC SURGERY: 
LOCALIZATION OF CONDUCTION TISSUE INJURY 

Keith Reemtsma, Jose P. Delgado, and Oscar Creech, Jr., 

New Orleans, La. 

H eart block remains a distressingly frequent complication of intracardiac 
repair of certain congenital anomalies, particularly ventricular septal 
defect occurring as an isolated lesion or in such complexes as tetralogy 
of Fallot and common atrioventricular canal. Several recent studies have 
demonstrated the anatomic relationships of conduction tissue to various 
intracardiac defects, 1 " 1 but no studies have been reported which show the site of 
injury following operation. The present report deals with the localization of 
injury to conduction tissue in patients whose intracardiac procedures were com¬ 
plicated by complete heart block. 

MATERIAL 

Specimens were obtained from 3 patients who had undergone open-heart 
.c >air of congenital cardiac defects. In each case complete heart block was 
observed during or immediately following suturing of the defect, and in each 
patient heart block was considered to be the primary cause of death. 

CASE REPORTS 

Case 1.—The patient was a 5-year-old child who was found to have a heart murmur at 2 
months of age, cardiomegaly at 6 months of age, and cyanosis at 2 1 /. years. Cardiac 
catheterization performed on two occasions was interpreted as demonstrating an atrioven¬ 
tricular canal. At operation, on Oct. 31, 1958, a persistent atrioventricular canal with a 
large interatrial component, a small ventricular septal defect, and a cleft of the mitral 
valve were found. These defects were repaired without cardiac arrest. After 33 minutes of 
perfusion the patient was taken off the pump-oxygenator and heart block was noted. Her 
immediate postoperative course was complicated by hypotension and respiratory insufficiency. 
Despite supportive measures her condition deteriorated and she died 20 hours following 
operation. 

Case 2.—This patient was a 4-year-old child with tetralogy of Fallot who underwent 
open-heart surgery on Nov. 6, 1958. With the patient on cardiopulmonary bypass, cardiac 
arrest was induced with potassium citrate. The right ventricle was opened and the von- 
tricular septal defect repaired. An Ivalon patch was placed in the right ventricular outflow 
tract, extending into the pulmonary artery. After release of the aortic clamp and massage, 
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a cardiac beat was observed but the elcctrocai diogram showed complete heart block Post 
operatively the patient remained unresponsive and cyanotic Respiratory arrest occurred 
3 hours after the conclusion of surgery and was followed by cardiac arrest Despite 
emergency thoracotomy and massage, the heartbeat could not be re established 

Case 3 —On cardiac catheterization of tins 7 year old child, a -ventricular septal defect, 
with no evidence of nglit to left shunt, and a pulmonary arterv pressure of Sa/40 were 
demonstrated On March 5, 1059, she underwent repair of the interventricular septal defect 
At the end of tho repair, complete heart block was noted on the electrocardiogram and elec 
trodes wore placed in the heart and subcutaneous tissues Following operation her immediate 
course was satisfactory and the heart rate was maintained by an electronic paccmal or 
However, during the subsequent 2 wcel s her condition detenoiatcd despite maintenance of 
the heart rate with tho paccmal er She remained in complete heart block and showed evi 
donee of progressive detenoration, with death on the seventeenth postoperative day 

MCI HODS 

Each licait was examined and photogiaplied with the aiea of lcpan un 
distmbed Sutures weie then lemovcd and the specimens photogiaplied with 
the defects open Tioin each specimen a block of tissue was icmoved winch 
completely cncncled the defect, including the coionarv sinus, the mfeiioi por 
tions of the atnal walls and mteiatual septum, and the superioi portion of the 
vcntnculu walls and intenentuculai septum This block was sectioned m a 
dncction conesponding appioximately to the antenoi postcnoi plane of the 
body Sections were stained alternately with hematoxylin and eosm and 
Masson’s tuple stain Giapluc leconstructious of the conduction system were 
made following histologic study of the slides 

OBSERVATIONS 

Case 1 —This specimen showed a common a turn entuculai canal A com 
mon atno\entuculai valve extended thiough the defect, and theic was a cleft 
m the mitial poition of the ualvc Postmortem examination showed satisfnctoiv 
lepair of the mitral cleft and complete closuie of the atrial and ventuculai 
septal defects (Pig 1) Mieioscopic study showed the atuoyentileular bundle 
lying subendocaidiallv along the posteiaoi infeuoi maigin of the \entuculai 
portion of the atuov entuculai canal Sutuie holes and extensive hcinoilinage 
weio observed in the conduction bundle in tins aiea (rigs 2 and 3) 

Case 2 —This specimen showed the chaiacteustic findings of the tcti llogv 
of Fallot The pulmonary outflow tiact had been widened bv the insertion of a 
diamond shaped Ivalon patch which extended into the pulmonary artery Tho 
ventriculai septal defect (rig 4) had been incompletely closed, a 4 mm defect 
peisistmg m the supcuor portion Mieioscopic study showed extensive hemoi 
rhago in and aiound the conduction bundle (Pig 5), m the aiea of the 
posterioi mfenoi margin of the defect (Pig 6) 

Case 3 —This specimen showed a ventuculai septal defect at the ougm of 
tho outflow tiact of the light ventuclc, antenoi to the septal leaflet of the 
tucuspid valve The defect had been closed satisfactory (Pig 7) Micio 
scopie sections demonstrated sutuie tracts and hemorihage m tho conduction 
bundle (Pig 8) along the posterioi inferior rim of the defect (Pig 9) 
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Fig. 1.—Case 1. A, Atrioventricular canai, viewed from the right side of the heart. The 
right atrium lies above and the right ventricle below. The coronary sinus is seen adjacent 
to the repaired defect, is. The sutures have been removed, disclosing the atrioventricular 
defect. 
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Fig. 2.—Case 1. Photomicrograph showing the atrioventricular canal (AVC) and the 
atrioventricular bundle (AVB). Suture holes are seen in the bundle, and extensive hemorrhage 
is apparent in the area of the conduction tissue. 



Fig. 3.—Case 1. Drawing of the specimen of atrioventricular canal, showing the rela¬ 
tionship of the atrioventricular bundle to the A-V canal. The site of injury of the A-V bundle 
lay along the posterior-inferior aspect of the defect. 



Fig 4_Case 2 A, Tetralogy of Fallot Mewed from the right side of the heart Suture* 

are seen in the ventncular septal defect The outflow tract is not shown B, The sutures 
have been removed and the point of the hemostat shows the location of the ventricular septal 
defect 



Fig 5—Case 2 Photomicrograph showing the \entncular septal defect and the atrio¬ 
ventricular bundle There is extensive hemorrhage both in the atrioventricular bundle and In 
the surrounding ventricular septum 


CS 



Fig C—Case 2 Drawing showing the relationship of the atrioventricular bundle to the 
ventricular septal defect in the tetralogy of Fallot. The area of hemorrhage occurred along 
the posterior-inferior aspect of the defect. 
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Fig. 7.—Case 3. A, Photograph of the case of ventricular septal defect showing the 
sutures in place. The defect lies at the origin of the outflow tract. The pulmonary valve 
and artery are seen above the defect. B, The sutures have been removed, demonstrating the 
ventricular septal defect. 



Fig. 8.—Case 3. Photomicrograph showing the atrioventricular bundle above the top 
of the ventricular septum. A suture tract is seen through the bundle and there is extensive 
hemorrhage within the bundle itself. 
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DISCUSSION 

The conduction system frequently lies in a vulnerable position in relation 
to certain intraeardiae defects. In the majority of cases of ventricular septal 
defect occurring as an isolated lesion or in such complexes as tetralogy of 
Fallot and common atrioventricular canal, the atrioventricular bundle lies 
subendocardial)}' along the posterior-inferior margin of the ventricular defect. 

In the 3 cases included in the present report, heart block occurred following 
the repair of the cardiac defects in each. In one, the ventricular septal defect 
occurred as an isolated lesion. In the other 2 eases the ventricular defect was 
associated with the tetralogy of Fallot in one and with an atrioventricular canal 
in the other. Vet the site of injury of the conduction system was common to 
all: the posterior-inferior margin of the septal defect. In each ease extensive 
hemorrhage was noted in and around the bundle in this area, and suture tracts 
through the bundle were noted in 2. 



Fig. 9—Case 3. Di awing of the specimen with a \entricular septal defect The site of 
injury of the conduction bundle is along the postei lor-infcrior aspect of the ventricular septal 
defect 


SUMMARY 

1. Injuries to the conduction system \i ere studied in 3 cases of complete 
heart block complicating repair of intraeardiae defects. 

2. In one case the ventricular septal defect occurred as an isolated lesion. 
In the other cases the ventricular .septal defects were associated with the 
tetralogy of Fallot in one and with a common atrioventricular canal in another. 

3. Extensive hemorrhage in and around the atrioventricular bundle oc- 
curx-ed in each case. Suture tracts through the bundle wore observed in 2. 

4. In all eases the site of injury was located along the posterior-inferior 
rim of the ventricular septal defect. 
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A NEW INSTRUMENT TO MAINTAIN 
PATENCY OF DRAINAGE TUBES 


Gunnar Hey, Copenhagen, Denmark 

W henever drains or tubes arc used after thoracic surgery, it is important 
to keep them well functioning and free of pus and blood clots which may be 
difficult to milk down the tubes. 



To facilitate milking down the tubes, we have invented an instrument* 
with “rolls,” as shown in the accompanying figure. It has been used in the 
Thoracic-Surgical Department at 0resunds Hospital for several months to the 
great satisfaction of both nurses and doctors. 


From the Thoracic-Surgical Department, 0resundshospitalet. Copenhagen, Denmark. 
Received for publication July 14, 1959. 

"The clamp is manufactured by Simonsen and Weel, Copenhagen, Denmark. 
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PRIMARY INTERSTITIAL PULMONARY FIBROSIS: 

DIFFUSE AND CIRCUMSCRIBED FORMS 
Review of the Literature and Report of Eleven Cases 

Corrado Af. Baglio, M.D.,* Robert D. Michel, M.D., and 
Warren C, Hunter , M.D., Portland, Ore. 

T he following report on primary interstitial pulmonary fibrosis is presented 
because of (1) the increasing interest in pulmonary fibrosis, (2) the con¬ 
fusing concepts of its origin and nature, and (3) the gradually evolving idea 
that a number of separate conditions are, in reality, merely phases of the same 
disease, so ably presented by Cross. 1 We have summarized some of the perti¬ 
nent features of the disease in Tables T, II, III. Cases not typical of this disease 
have been excluded from our scries. 

historical 

The credit for recognition of this disease belongs to Hamman and Rich 3 
who reported 4 eases in 1935. Pulmonary histologic changes were described in 
1931 by Doenecke 3 in a patient who had been in contact with radioactive ma¬ 
terial. The pathologic abnormalities produced by irradiation 4 are remarkably 
similar to those of chronic interstitial pulmonary fibrosis. The amount of irra¬ 
diation received by Doenecke’s patient is not known, so it is conceivable that 
this case was of the primary type and not produced by radioactive material. 

Hamman and Rich 3 observed the pulmonary lesions in different stages of 
development. They believed the disease did not begin simultaneously through¬ 
out the lung, but that it spread to involve all lobes. Thcj' observed localized 

From the Department of Patholopy and Interna! Medicine, University of Oretron Medical 
School, Portland, Ore. 

Received for publication Aur. 27, 1959. 

•Present address: Isaac Albert Research Institute, Brooklyn 3, N. Y. 
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forms, and considered localized fibrosis encountered at autopsies to belong 
to this disease. The great variation in the extent and type of involvement has 
been emphasized by Cross 1 in his study of 5 cases, and was observed in our cases. 

The greater use of lung biopsy has permitted better understanding of the 
sequence of events from the early stages to almost complete fibrosis of the lung 
parenchyma. This understanding is extremely important inasmuch as a his¬ 
tologic picture similar to chronic interstitial pulmonary fibrosis may be seen in 
(1) pneumoconiosis (berylliosis, 6-10 bauxite, 8 asbestosis, 11 etc ); (2) collagen dis¬ 
ease 12 " 15 ; (3) long-standing chronic passive congestion of the lungs 10 ' 17 (mitral 
and aortic stenosis), (4) congenital dysplasia of the lungs 18 , (5) pulmonary 



Fig 1 —Case 2 Posteroanterlor roentgenogram of chest showing diffuse mottled nodular infil¬ 
trations throughout both lung fields, characteristic of diffuse interstitial pulmonary llbrosis 

adenomatosis 10 ' 20,21 ; (6) sarcoidosis 9 - 10 ' 22- 22 ; (7) radiation pneumonitis 1 ; (8) 
histiocytosis 21 " 27 ; (9) obstruction of the pulmonary veins 28 ; (10) hypotensive 
drugs 99 10 , and (11) rheumatoid and ihcumatic diseases 10 ' 31 ' 52 

CLINICAL FEATURES 

The clinical manifestations of primary interstitial pulmonary fibrosis also 
vary considerably. The most important symptoms are summarized in Table I. 
In some patients the prodromal period varies from a few days to several years, 
characterized by vague general symptoms such as anorexia, weakness, weight 
loss, easy fatigability, and slight dyspnea. The earliest manifestations are dysp¬ 
nea, cyanosis, and cough. In addition, there may he fine scattered rales over 
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the lungs and clubbing of the fingers. Slight hemoptysis lias been reported, 
and severe hemoptysis terminating in deatli in 1 case was recorded by Cross. 1 
Chest pain, leukocytosis, or fever have no diagnostic significance. Polycythemia 
has occurred in several cases, including 1 in our series. 

An important factor in diagnostic error is the great discrepancy in roent- 
genographic findings, subjective symptoms, and paucity of physical findings. 
The lack of correlation between the subjective symptoms and the physical find¬ 
ings is found in many lesions of the lungs in which a diffuse pathologic process 
does not impair the transmission of normal sounds. 

The roentgenogram may be normal, but more often there are nonspecific 
reticular and nodular shadows or areas of opacity simulating pneumonic con¬ 
solidation (Fig. 1). However, these changes may appear in only one lobe or 
segment. 

Rubin and Lubliner 33 have classified cases, according to x-ray appeai’ancc, 
into four groups: (1) patients with minimal abnormal roentgen findings, (2) 
those •with roentgen findings in keeping with cardiac decompensation, (3) pa¬ 
tients with roentgen changes compatible with bronchopneumonia, and (4) those 
with roentgen findings consistent with the changes associated with interstitial 
fibrosis. 

The disease may explode as a rapidly fatal condition or may follow a chronic 
protracted course. Basically, however, it is a chronic process. The patients 
reported as having acute disease may have presented an inaccurate history, or 
may have been seen in the terminal stage. The usual clinical course is one of 
deterioration of pulmonary reserve. The terminal event is respiratory insuf¬ 
ficiency, or right-sided heart failure, or a combination of both. 

PATHOGENESIS 

Chronic interstitial pulmonary fibrosis occurs most often in young adults, 
but there is no sex or racial preponderance. In the diffuse form, the youngest 
patient was If/o years old and the oldest 75, with an average age of 45. In the 
circumscribed form, all of the patients were males. The youngest patient was 
15 years old and the oldest 60 years, with an average age of 46 years. The 
etiology of chronic interstitial pulmonary fibrosis is not known. Three of the 
4 patients reported by Ilamman and Rich 2 had syphilis. However, the relation¬ 
ship to this disease is disproved by the negative serologic test for syphilis in the 
cases reported subsequently by others. 

Viral infections have been considered by some as the most probable etiologic 
factor. Experimental work by McCordoek and Muckenfuss 34 favors the possi¬ 
bility that this type of pulmonary fibrosis may be caused by a virus of mild 
virulence or present low concentration. Evidence has been advanced against 
this concept. 

Heppleston 35 pointed out that in viral pneumonia the acute interstitial in¬ 
flammation and the subsequent changes are based upon suppurative bronchio¬ 
litis so the lesions are essentially focal and are related anatomically to the 
bronchioles. 
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TABLF II SUMMAP\ OP REPOPTED CASES OF DIFFUSE INTEFSTITIAL PULMONARY FlBKOSIS 
With Familial Pattern 
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Table III Reported Cases of Cipcumscpibed Pulmonapy Fibrosis 


CASE | 
NO 1 

AUTHOr 

AND DATe| 

PATIENT STATUS 

EXTENSION O* ILSION 

1 

Cross 1 

(1957) 

00 $ 

Fibrosis involving the pleura of the left lung 
and the loft lower lol e 

0 

Cross 1 

(395V) 

46 $ 

Fibrosis involving the pleura as avcII as tin 
p irenchyma of the right lung 

3 
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(1957) 
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Fibrosis of pleura and parcnchym il tissue of 
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15 3 
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Callahan 30 suggested that the disease might be produced by a chronic ob¬ 
struction of lymph flow since changes in the lung bear a resemblance to spon¬ 
taneous or experimentally produced lymphedema and elephantiasis. Pokorny 37 
and others suggested that the disease may be a sequence of several attacks of 
interstitial pneumonia with lack of fibrinolytic enzymes and failure of absorp¬ 
tion of the inflammatory exudate. 

An “allergic” etiology for this condition was suggested by Jlaminan and 
Rich. 5 Read 38 described experimental studies in which rabbit anti-rat-lung 
serum was injected intratraclieally in rats. The pulmonary lesions produced 
in rats had many features similar to the pathologic changes in primary inter¬ 
stitial pulmonary fibrosis. 

Many features suggest that the development of this condition is based on 
an immune mechanism. Eosinophils in the pulmonary lesions are compatible 
with such an allergic response. The lung lesions in some patients until rheuma¬ 
toid disease and rheumatic heart disease 31 * 32 are identical until interstitial pul¬ 
monary fibrosis. Also, there is a morphologic resemblance between the Hamman- 
Ricli disease and such diseases as polyarteritis nodosa, 30 lupus erytliematosis, 
Wegener’s granulomatosis,‘ l0 and scleroderma. Even though the etiology of 
these conditions is obscure, many observers consider them manifestations of 
tissue hypersensitivity. 

The familial tendency (Table II) may reflect a genetically influenced mode 
of tissue hypersensitivity reaction. The beneficial response of some patients to 
, adrenal steroids is consistent with an immune mechanism. 


CASE REPORTS 


During the past 3 years we have observed 11 cases of interstitial pulmonary 
fibrosis of which 8 were the diffuse form and 3 the circumscribed form. In the 
interest of brevity and for a better comparison with previously reported exam¬ 
ples of the diffuse form, our cases of this type have been greatly condensed and 
will be found in Table I, Cases 1-8, inclusive. Since the circumscribed form 
has been recognized only recently, ve have presented the findings more fully 
in Case Reports A, B, and C. 

In our cases of diffuse involvement (Table I), the diagnosis was made at 
autopsy in Cases 1 and 2. In Case 3, the diagnosis was established by lung 
biopsy. The patient died 6 months later and autopsy sections revealed an ex¬ 
acerbation of the inflammatory process in addition to chronic changes. At 
autopsy, Case 4 was at first considered to have had pulmonary adenomatosis 
due to the marked hyperplasia and anaplasia of the alveolar epithelium. A more 
careful review indicated that this was pulmonary fibrosis of the Hamman-Rich 


. ■ j*g: 

Case 5 was diagnosed as having put* ;* 
and the ar 1 ,;- findings were typical of £ * 

In Case *' "is was made by lung 

could not *ed. In Case 7 two 


v adenomatosis by lung biopsy 
interstitial pulmonary fibrosis, 
id a postmortem examination 
"*'es were obtained 21 months 
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apart and on different sides. After the first biopsy, the patient was given pred¬ 
nisone 50 mg. initially and then a maintenance dose of 15 mg. daily. The second 
biopsy showed more fibrosis with an increase of hyperplasia and anaplasia of the 
alveolar epithelium. In Case 8 the diagnosis was made by lung biopsy and the 
patient is receiving prednisone. Clinically he is improved, but his vital capacity 
is progressively deteriorating. 

In Case Keport A, the left lung biopsy showed the circumscribed form of 
this disease. Subsequently a diffuse infiltration of the right lung was noted on 
x-ray examination. In Case Reports B and C, the clinical picture and x-ray 
studies were suggestive of bronchogenic carcinoma but, on surgical removal 
of the involved lung, circumscribed interstitial pulmonary fibrosis was found. 



Fig 2 —Case Report A. Fosteroantcrior roentgenogram of chest showing diffuse inflltra- 
tlon bilaterally (more extensive in the right lung) and flattening of the diaphragm with 
obliteration of both costophrenic angles 


Case Report A.— -A 54 year-old i\hitc man nas admitted to the hospital on Aug. 4 1936 
because of exertional dyspnea and left pleural effusion. He had had rheumatic fever from 
1D1G to 1918. He was well until 1942 whon ho noted dyspnea and wheezing which became 
progressively worse. Positive physical findings consisted of bilateral friction rubs with 
dullness and crackling resonant rales in the left heraithorax and a diastolic apical murmur. 
X-ray studies revealed left pleural effusion. Bronchial washing, scalene lymph node 
biopsy, and biopsy of a granular lesion in the left bronchus were negative. A thoracente¬ 
sis yielded 300 c.c. of a serosanguineous fluid which was negative for neoplastic cells. 
Laboratory studies, including skin test for histoplasmosis, coccidioidomycosis and tuber¬ 
culosis, Mere negati\e. After the thoracentesis, a chest film disclosed marked fibrotic 
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changes in the left lung field and some hazy increased density in the right middle lung 
held. The patient gave a clinical impression of chronic congestive heart failure due to an 
old rheumatic mitral valve lesion. A mitral commissurotomy was performed on Sept. 11, 
195G. The lung was adherent to the entire parietal pleura, mediastinum, and diaphragm. 
After operation the patient continued to have a Grade 2-3 diastolic murmur, paroxysmal 
nocturnal dyspnea, cough, and episodes of dizzy spells. 

On May G, 1959, he was admitted to the hospital complaining of fever of 2 weeks’ 
duration, hemoptysis, and increasing weakness, lie was afebrile on admission. A roent¬ 
genogram revealed a patchy, diffuse density throughout the right lung with scarring and 
increased radiolucencv in the left lung, flattening of both leaves of the diaphragm, and 
obliteration of both costophrenic angles (Fig. 2). 

A biopsy of the left lung showed a greatly thickened pleura which was smooth and 
white. Histologically, the pleura had been replaced with thick, vascular collagenous 
tissue. Some of the alveoli contained a fibrinous exudate, while others were packed with 
round cells, a great many of which contained brown hemosiderin pigment. Where the 
wall of the alveoli was well defined, it appeared to be lined by single layers of prominent 
cells. Occasionally, there was abundant cellular connective tissue which was unevenly 
distributed within the alveoli. This connective tissue was also abundant between alveoli. 
The bronchi showed no histopathologic change, but were often found to be embedded in 
fibrous tissue. The blood vessels of medium size showed only a mild fibrosis of the ad¬ 
ventitia with hypertrophy of the intima, but no significant narrowing of the lumen. 

In this patient the disease was clinically evident in the left lung and, according to 
x-ray studies, the right lung was becoming involved. It is possible that both lungs had 
been involved at the same time but in different degrees. 

Case Report B.—The patient, a 54-vear-old white truck driver, had worked in a dairy 
until 1953. For many years, ho had had a chronic cough productive of a small amount of 
sputum which had been attributed to cigarettes. In June, 195S, after sprav-painting a car, 
he developed aching, weakness, feverishness, and increasing cough with expectoration. 
There was some wheezing but no hemoptysis. 

Physical examination at this time was essentially normnl except for impaired reso¬ 
nance, broncliovesicular breath tones, diffuse subcrepitant rfiles, and occasional friction rub 
over the left upper lobe, contraction and elevation of the left hilum and tracheal shift to 
the left (Fig. 3). The hemogram and urinalysis were normal. A skin test for tuber¬ 
culosis was negative. The symptoms subsided following antibiotic treatment, but the 
chest roentgenogram was unchanged. 

On June 30, 1958, at a left thoracotomy, adhesions were found only on the apical 
portion of the lung. The apical posterior segment was rubbery to palpation and was dis¬ 
sected from the remaining lung. The resected portion of the lung was 1G cm. by 10 cm. by 
3 cm. The pleura was thickened and firm yellowish areas were noted near the bronchi 
and vessels. Histologically the pleura showed dense, vascular fibrous tissue. Alveoli were 
absent in the dense fibrous tissue areas. In other areas the groups of alveoli were separated 
by fibrous thickening of the septa. Many of these alveoli were filled with mononuclear 
cells resembling lipophages. with foamy cytoplasm and a small central nucleus. Li some 
there were a few erythrocytic or phagocytic cells containing pigment. Some alveoli con¬ 
tained fibrinous exudate and a few mononuclear cells, A discrete lymphocytic infiltration 
was present in some of the fibrous tissue and alveolar septa. 

Case Report C. —The patient was a 47-year-old white itinerant laborer who was well 
until January, 1957, when he experienced sudden right anterior chest pain which radiated 
laterally and into the right shoulder. One week later, there developed a cough productive 
of one-fourtli cup of yellowish sputum daily and he noticed progressive shortness of breath 
on mild exertion. At the onset of his illness, he had anorexia and a 20 pound weight loss 
over a 1-month period preceding his hospitalization on Jan. 30, 1957. He had smoked 
two packs of cigarettes daily for many years. 
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Fig. 3.—Case Report B. Fostcroanterlor roentgenogram of chest showing mottled and 
confluent infiltrations of the left upper lung with elevation of the left hilum and shift of the 
trachea, to the left 



Fig. 4.—Cose Report C. Posteroanterior roentgenogram of chest showing enlarged right hilar 
shadows and parenchymal infiltration of right lung field. 
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On admission to tho liospital, the blood pressure was 115/75 mm. Hg, pulse 9G, respira¬ 
tions 30, oral temperature 96.0° E. There was increased AP diameter of the chest with 
sunken supraclavicular spaces. The chest was hyperrosonant to percussion and no rides 
were heard. Both ankles had 2+ warm pitting edema. Small shotty axillary and inguinal 
nodes were present bilaterally. The rest of the physical examination was within normal 
limits. 

The red blood cells numbered 3.94 million, hemoglobin was 11.1 grams, white cells 
31,250, with a normal differential count; erythrocyte sedimentation rate was 21/100. The 
sputum studies wore negative for acid-fast bacilli. 

X-ray studies showed an enlarged right hiluin and parenchymal infdtration involving 
tho right lower lung field (Pig. 4). Laminograms demonstrated large masses in the right 
hiluin with compression of the right lower lobe bronchus. Bronchoscopy was normal. 
Bronchial washings were negative for malignant cells and for acid-fast bacilli on both 
smear and culture. On March 8 , 1957, the posterior and superior segments of the right 
lower lobe were excised. 

The surgically removed lung tissue consisted of two pieces of soft dark-brownish 
smooth tissue and the entire specimen weighed ISO grams. The pleura was fibrosed and 
relatively thickened. 

The histologic picture had a striking resemblance to both acute and chronic interstitial 
pneumonitis. In places where the process was in its active inflammatory phase, there was 
edema, mononuclear cell infiltration of alveolar walls and albuminous exudate in the 
alveoli. No 113 'aline membranes were visible. Older lesions showed vascular hj-perplosia, 
wide alveolar septa, and flbrous encroachment of the alveolar lumina. Focal areas of lung 
parenchyma had also been completely replaced by fibrous tissue. There were focnl collec¬ 
tions of lymphocytic cells throughout. Phagocytic cells lnden with hemosiderin pigment 
were present in the alveoli. Small focal hemorrhages were visible in both alveoli and 
fibrous tissue. 

PATHOLOGY 

Grossly, the lung is usually solid, and increased in weight and firmness. 
The pleural cavity may be uninvolved or may show old or recent fibrinous adhe¬ 
sions. The pulmonary lobular markings may be strikingly accentuated on the 
visceral pleural surface. Small emphysematous blebs can be present. Crepita¬ 
tion is diffusely decreased. The cut surface has a diffuse, web-like fibrotic ap¬ 
pearance. In a few instances the lungs have been found to have a marked 
cirrhotic appearance. 

This disease is essentially interstitial and alveolar in location. Both the 
diffuse and the circumscribed form have similar histologic features. The con¬ 
dition is characterized by an extreme variety of microscopic patterns, including 
edema, fibrinous exudate, mononuclear cell infiltration of the septa, and focal 
hemorrhage to the most extreme grade of fibrosis and interstitial collagenous 
deposition. This variability is probably a result of the following sequence of 
events: an early stage consisting of fibrinous exudate and predominant mononu¬ 
clear cell infiltration which involves the alveoli, the septal and interseptal tissue 
(Fig. 5)- This process is followed by an alveolar cell, vascular, and reticulum 
hyperplasia. The alveolar epithelium undergoes a series of changes from necro¬ 
sis and formation of hyaline membranes (Fig. 6) in the early phase to regen¬ 
eration and hyperplasia in the later stages (Fig. 7). There is a striking varia¬ 
tion in the number of alveolar blood vessels. There have been cases such as 
those reported by Golden and Bronk, 53 in which the proliferation of the septal 
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FIs 6 

FIs 5 —Case 3 Sections of the autopsy show mg exacerbation of the chronic inflammatory 
Process with interstitial and intra aUcolar edema, hyaline membranes and necrosis or altcoKr 
nails (X200 reduced ) 

Fig C—Case 5 Lung section showing hyaline membranes Hnim, the al\eoll (yi u 
reduced ) 
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Fig S. 

Fig 7 —Case 5 Lung section showing hypeiplasia and anaplasia of tlie alveolar epithelium 
With a pseudogiandular pattein, presence of basophilic exudate and mononuclear cells in the 
al\ eoli. (X160, reduced % ) 

Fig 8—Case 5 Lung section showing an area of vascular lijpeiplasia (X170 , re¬ 
duced Vi ) 
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F lfr 9 _Case 3 Lunf? section of the blopsv showing advanced Interstitial fthrosia, chronic 

inflammation, and intlmal tliichenins of tlie blood vessel';. (X- ( 00 ; reduced U.) 

Fjp 10 _Case 6 Lung* section show ms oiganlzinp hyaline membrane on the surface 

of the alveolar wall. (X320; reduced U ) 
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capillaries was so striking that the authors called this process “angiosis.” The 
vascular hyperplasia does not have the same significance as the proliferation of 
blood vessels which occurs in the formation of granulation tissue since, in pul¬ 
monary fibrosis, the increased vascularity is usually more striking in areas in¬ 
volved by fibrosis. In all our cases, there have been varying degrees of vas¬ 
cular hyperplasia coincident with fibrosis of the lung parenchyma (Pig. 8). 

In the later stages, fibrous tissue begins to proliferate, becoming very cellu¬ 
lar and mixed with inflammatory exudate at first, less cellular and rich in 
collagenous bundles as the process develops (Fig. 9). The fibrous tissue en¬ 
croaches upon the alveoli leading to a loss of the alveolar pattern and replace¬ 
ment of the alveolar parenchyma with large areas of fibrosis. Shrinkage of the 



Fig. 11.—Case 5. Lung section showing remnants of alveoli present in the form of cords of 
hyperplastic alveolar cells buried in fibrous tissue. (X240 ; reduced %■) 

lung parenchyma is brought about in two ways: by organization of the hyaline 
membranes (Pig. 10) and fibrosis of the interstices and septa, and by encroach¬ 
ment of fibrous tissue upon the alveoli (Pig. 11). When the disease proceeds 
to the later stages, the patient dies of progressive suffocation. Exacerbation 
may occur at any time during the course of the disease; this was evident in one 
of our patients (Case 3, Table I). 

The principal changes and the consequent disturbances of pulmonary hemo¬ 
dynamics are caused by septal edema, hyperplasia of capillaries and the reticu¬ 
lum tissue, and by thickening of the septa. These disturbances are comparable 
to those occurring in cases of long-standing mitral and aortic stenosis. 10 ’ 17 In 
both conditions, the histopathologic abnormalities of the alveolar septa inter¬ 
fere with the oxygen and carbon dioxide exchange. As pulmonary fibrosis 
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advances, there is impairment in the pulmonary circulation with a gradual rise 
of jiulmonary artery and right ventricular pressure and consequent dilation and 
hypertrophy of the right ventricle. The pulmonary hypertension is due to the 
absence of the normal anatomic structure of the alveolar capillaries as well as 
to the fibrosis, loss of elasticity and intimal thickening of the prc-alveolar arteri¬ 
oles. Of the repotted cases of the diffuse form, more than 60 per cent of pa¬ 
tients bad some degree of cor pulmonale. However, there may be no con-elation 
between cor pulmonale and lesions of the medium and smaller blood vessels. 

Differentiation from organized pneumonia can be readily made since chronic 
interstitial fibrosis has the following microscopic features: (1) the type of in¬ 
flammation consists of only a few granulocytic leukocytes, mostly mononuclear 
cells, lymphocytes, plasma cells, and often a small number of eosinophils or 



Fjg 12 —Case 8 Lung section showing Interstitial fibrosis, anaplasia and hyperplasia 
of the uUeolar lining cells in a pseudo-adenoma pattern (XlGO; reduced Vi.) 


occasional giant ceils; (2) necrosis of the alveolar walls; (3) fibrinous exudate 
and hyaline membranes attached to the alveolar walls; (4) marked edema and 
fibrin deposition in the alveolar walls with consequent thickening of the alveolar 
septa; (5) hyperplasia, metaplasia, and anaplasia of the lining alveolar cells 
which often are sloughed off and packed into the alveolar lumimt (in many 
instances they are laden by hemosiderin pigment or lmve a lipophagic appear¬ 
ance); (G) recent and organizing intra-alvoolar and interstitial hemorrhages; 
(7) absence of any staiiiable bacteria; and (8) tbe lesion of the bronchioles con¬ 
sisting of peribronchiolar fibrosis, smooth muscle hyperplasia, some chronic in¬ 
flammation and squamous metaplasia. 
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Despite tlie large number of diseases responsible for pulmonary fibrosis, it 
is only possible to arrive at a clinical diagnosis when all diagnostic, means, 
including appropriate pulmonary function studies and lung biopsies, are used. 
Tlie disease which can most closely simulate this condition is pulmonary adeno¬ 
matosis (Fig. 12). In our series, such an erroneous diagnosis was made twice, 
once upon study of biopsy material and a second time at autopsy. In one case 
of Rubin and Dubliner 33 an erroneous diagnosis of metastatic malignancy was 
made. Transition of pulmonary fibrosis, in any of its forms, into pulmonary 
adenomatosis 30 ’ 31 is still a subject of dispirte, and probably occurs also in the 
primary interstitial type. The marked alveolar cell hyperplasia and anaplasia 
(Figs. 7 and 12) characteristic of primary interstitial fibrosis and its close re¬ 
semblance to adenomatosis can lead to diagnostic error, especially when the 
study is limited to biopsy material. 

PULMONARY FUNCTION STUDIES 

The results of vital capacity measurements in our patients with chronic in¬ 
terstitial pulmonary fibrosis are in agreement with those obtained by others. 
The vital capacity test measures the volume of gas that can be expelled force¬ 
fully from the lungs after maximal inspiration. The vital capacity may be 
reduced by (1) a decrease of lung volume, (2) limitation of chest expansion, 
(3) limitation to the descent of the diaphragm, and (4) limitation to the ex¬ 
pansion of the lungs. 

The studies in our patients reveal a diminished vital capacity amounting 
to one half to one third of normal values. It is reasonable to assume that tlie 
major cause of the reduced vital capacity is due to a decreased number of al¬ 
veoli and to limitation of expansion secondary to fibrosis of large areas of the 
pulmonary parenchyma. In our patients the rate of air flow during forced 
expiration was normal as measured by the timed vital capacity. This indicated 
that even though there was considerable interstitial fibrosis and abnormal al¬ 
veoli, there was no obstruction to air flow. 

Our patients presented evidence of arterial oxygen desaturation since none 
showed aiderial oxygen saturation greater than 95 per cent, the lower limit of 
normal. After breathing 100 per cent oxygen for 10 minutes, all of the patients 
brought their arterial saturation from 102 to 105 per cent. A decrease in ar¬ 
terial oxygen saturation may be due to hypoventilation, impairment of diffusion, 
uneven ventilation related to blood flow, or venous to arterial shunts (intra¬ 
cardiac or intrapulmonary). The venous to arterial shunt is the only mech¬ 
anism causing arterial oxygen desaturation that is not completely correctable by 
inhaling 100 per cent oxygen. A venous-to-arterial shunt was ruled out in our 
patients since the hypoxemia was correctable by 100 per cent oxygen inhalation. 

In Case 7, cardiac catheterization showed normal right ventricular and 
pulmonary artery pressure and normal cardiac output. The pulmonary artery 
had 71 per cent 0 2 saturation and brachial artery 91 per cent 0 2 saturation. 
The ventilation equivalent for 0 2 was 3.50 L. per 100 c.c., with the upper limit 
of normal being 2.50 L. per 100 c.c. 
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An impairment of alveolar-capillary diffusion for oxygen lias been demon 
strated m patients having clinical, loentgenograpluc, and biopsy evidence of 
pulmonary fibiosis of various etiologies other than Hamman Rich disease 10 
Luchsmger and others, 68 in a recent study of 2 cases of pi unary inteistitial pul 
monary fibrosis, found an abnoimally wide aheolar artenal tension giadient and 
pulmonary hypertension They concluded that these abnormalities arc the 
result of extensive destruction of pulmonary capillaries These conclusions are 
supported by a histologic pictui e of pulmonary vascular hyperplasia, and capil 
Iaiy engorgement, distortion and fibiosis of the capillaiy blood vessels, loss of 
elasticity and lntimal thickening of the pre alveolar arterioles 

THER ipy 

Befoie 1952, the tieatment of chiomc inteistitial pulmonaiy fibiosis was 
usually symptomatic, consisting of expeetoiants and antitussive agents I 11 
1952, adienal steroids were intiodueed along with the mcieased use of lung 
biopsy as a diagnostic measuie 

Of the 23 patients pieviously icported who have been tieated with steioids, 
only 3 showed am rcmaihable cluneal improvement with the total disappeaiance 
of symptoms and clearing of the chest locntgenogiams 51 51 49 Of these cases, 
two of the patients died a few dais aitei discontinuing steioid therapy, 41 54 
while the thud patient is still alive and asymptomatic aftei 8 months of con 
turning adnumstiation of cortisone' 9 Ten patients had no clinical improve 
ment 33 36 48 so 41 rs In 9 otliei cases, there was some temporaiy impiove 
ment, 33 s ’ 44 30 n 68 71 but without change in the course of the disease In 3 
of these last 10 cases, theie was an exaceibation of symptoms and death follow 
ing the lcduction 01 vvithdiavval of steioid theiapy 54 71 “White and Ciaighead 34 
lepoited a patient who had exaceibation of symptoms following cessation of 
steroids with piompt lesponse to lestitution of theiapy 

Three of oui patients who leceived steioids had no symptomatic impiove 
ment, and, in one of them, the vital capacity has piogrcssivcly deteriorated A 
fourth patient has been receiving steioids foi a period of 3 1 /, years with symp 
tomatic impiovement of dyspnea, even though theie has been steady reduction 
of the vital capacity 

The rationale for the use of adienal steioids is based upon its anti-mflam 
matory and anti exudative effect 7 " Beneficial effects have been reported in those 
patients m whom the disease process was in a relatively early' stage Once 
fibrosis becomes established, it appeal's to bo m evei sible and the patients receive 
only temporary benefit 

Hamman and Rich consideicd this disease to be due to a hypersensitivity 
leaction Steioid tlierapv would be indicated if the main pathologic features of 
this disease were due to an established allcigic tissue leaction Steioids prob 
ablv do not aitei the stimulating factors but simply alter the tissue 1 espouse of 
the host 

I 11 5 patients, there was an exaceibation of symptoms and death following 
the cessation or the decrease of steroid dosage, while another patient lesponded 
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to restitution of steroids. Because of these disastrous results, 73 many investi¬ 
gators feel that once steroid therapy is instituted, it must be continued indefi¬ 
nitely. 

To realize the full beneficial effects of adrenal steroid therapy, it is im¬ 
perative to make the diagnosis early. Since clinical manifestations are so varied, 
it is worth while to resort to lung biopsy more often for early diagnosis. 


SUMMARY 

The pertinent features of 77 eases from the literature and 11 cases of our 
own series of primary interstitial pulmonary fibrosis of both the diffuse and the 
circumscribed type have been presented and analyzed. The etiology is unknown. 

The earliest clinical manifestations of this disease are dyspnea, cyanosis, 
and cough. In addition, there may be clubbing of fingers, rales, weakness, and 
weight loss. There is a high incidence of arterial oxygen desaturation and de¬ 
creased vital capacity. X-ray studies arc not diagnostic but usually show non¬ 
specific reticular densities bilaterally. 

Histologically, one sees intra-alveolar exudate and cellular infiltration. The 
changes in the alveolar wall include necrosis, regeneration, hyperplasia, ana¬ 
plasia, and fibrosis. The demonstrable changes in the blood vessels consist of 
hypei’plasia, fibrosis, and intimal thickening. Because of these changes, the 
mode of death usually is either pulmonary insufficiency or right heart failure, or 
both. 

Diagnosis of this disease is often made by lung biopsy. There is no “typ¬ 
ical” histologic picture and this disease can be easily confused with pulmonary 
adenomatosis and other conditions. 

It appears from previously reported cases and from our own series that the 
current treatment of choice is adrenal steroids, even though the effect in many 
cases has been negligible. Because of the risk of precipitate death following the 
discontinuance of steroids, it is necessary to continue such therapy indefinitely 
once it is undertaken. 

The authors wish to thank Dr. John E. Tuhv, Portland, Oregon, for permitting us to 
include 2 of his cases in this study. 
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AN INQUIRY INTO THE CAUSES AND PREVENTION OF 
COMPLICATIONS IN RESECTION SURGERY 
FOR PULMONARY TUBERCULOSIS 


W. James Eldred, M.Dand Paul C. Samson, Ai.D.,** Oakland, Calif. 

T his study comprises an analysis of the resections for pulmonary tubercu¬ 
losis done on the Thoracic Surgery Service of Highland-Alameda County 
Hospital, Oakland, California, during the period January, 1946, through and 
including December, 1956. There were 2SS resections in 274 patients. All 
cases were histologically proved to be tuberculous; a bacteriologic diagnosis 
was made on the majority of them. These patients have been followed from 1 
to 11 years. They were all covered by antituberculosis drugs as the drugs 
became available, although a few of the earlier patients had either no anti¬ 
microbials or only short 60-day courses of streptomycin, Para-aminosalicylic 
acid (PAS) and isonicotinic acid hydrazide (INI-1) have been added in the 
usual dosage and for the length of time employed in most clinics. In a few 
cases of an undiagnosed pulmonary lesion, patients were operated upon without, 
adequate preoperative antimicrobial preparation, but drugs were administered 
in these patients when tuberculous pulmonary tissue was resected. Almost all 
the patients in the later group had the usual 6 to 9 months sanatorium care 
including drugs, and many of them had pneumoperitoneum as well. The in¬ 
dications were the usual ones and the earlier series includes many cases of 
late bronchostenosis of the main-stem bronchus, destroyed lung, uncontrolled 
cavity, tension cavity, and thoracoplasty failure. Because of the absence of, 
or short courses of chemotherapy in the earlier cases, and because of the 
difference in the types of tuberculosis in the patients coming to operation 
in the earlier years compared with the types of disease treated later, the series 
has been arbitrarily divided into two 5% year periods, the first from January, 
1946, through June, 1951, and the second from July, 1951, through December, 
1956. The same surgical technique was used in all of the resections. Fewer 
resections were done in the earlier years of the series (72 resections) than in 
the last 5 1/2 years (216 resections). In the first 5y 2 years there were 20 re¬ 
sections with complications (27.8 per cent) and in the latter half there were 
41 complications (19.0 per cent). The over-all complication rate was 23.8 per 
sent. The mortality rates for the two periods were approximately equal: 

From the Thoracic Surgery Service, HighIand-Alameda County Hospital, Oakland, Calif. 
Received for publication Aug. 11, 1959. 

•Past Senior Resident in Thoracic Surgery, Highland-Alameda County Hospital, Oakland. 
Calif. Present address: 34 El Toyonal, Orinda, Calif. 

••Past Chief, Thoracic Surgery Service, Highland-Alameda County Hospital, Oakland, Calif. 


716 



Y°1 39 No 6 EESLGTION SURGERt FOR PULMONARY TUBERCULOSIS 

June I960 


717 


112 pei cent in the fiist 5 1 /. years, 9 8 pei cent m the second group, and the 
ovei all moitality late was 10 6 pei cent (29 deaths in 274 patients) Some 
patients had multiple complications, there weie 69 major complications in all 
Fne patients in the gionp with complications had 2 lcseetions duiing the 
penod of stndj, and 7 patients m the gionp with no complications had 2 ic 
sections All of the patients weie opeiatcd upon nndei fanly standaid condi 
tions, including good anesthetic supeivision bv a phjsician anesthetist Blood 
tiansfusions weie available thioughout the senes, and tlieie was only one tians 
fusion icaction resulting in a fatality Dining the lljeai span tlieie hate 
been lmpiovemcnts m suigical technique, learned by the cxpenence of all con 
coined The techniques and agents used in anesthesia have also impioved In 
addition to the adtent of antitubereulosis diugs tlieie has been bettei manage 
ment of ji'ogemc infections with the newci biond spectrum antnniciobials 
Ptiazmoic acid amide (pvi.i/inanude) and uomjcin weie used in some of the 
diug icsistant eases in the latei gionp 

OPERtTlVE TliriTMCM 

Fiftj three patients unden' ent pneumonectomy, 125 lobcctotm, 31 patients 
had removal of a lobe plus a segment, 74 had segmental resection, and tlieie 
were only 5 wedge lesectious In the pneumonectomies performed, theic weie 
complications in 15 cases, and theie weie 9 dentils directly oi lnducclly the 
result of surgcij Twentj se'en patients lianng lobectomies developed com 
plications and 8 of these died In the patients who had lcsection of mote than 
a lobe but who had less than a pneumonectomy, tlieie weie 7 complications with 

4 deaths Twelve patients subjected to segmental resections had complications, 

5 of whom died There weie no complications in patients hating wedge ic 
sections With legard to space diminishing piocedmes, there were 21 tlioraco 
plastics performed (eitliei pic lcsection oi concomitant or both) m the group 
with complications and 71 m the other gionp, a total of 92 The 6 thoiaco 
plasties (pie lcsection oi concomitant) done in the 74 segmental lesectious weie 
pcrfoimed in connection with some picvious opciation oi as a modified thoiaco 
plastt These 6 aie not analyzed Theie weie appio\imalelj 30 pei cent 
thoineoplasties in all three categoucs total operations, patients developing com 
plications, and those not h,i\mg complications Theiefoie, no statistu.il sig 
mfic.nnce is attached to them Ilowcvei, the space diminishing piocedmes dom 
fo\ certain kes complications which the authoi helicics aic important with 
ldation to thoiaeoplasti, aio broken down as follows of the 14 patients with 
bionchoploiual fistulas, onli 4 had concomitant tlioiacoplastj , of the 7 with 
cmpiema, 5 had thoracoplasty (pie resection oi concomitant), two thuds of 
the patients with tubciculous spreads, one fourth with icntilatoiv insufficiency, 
and one sixth of those deielopmg atelectasis had space diminishing pioccduics 

ax mists of Tiir cowruo'Troxs 

A broad summary of the complications can be seen in Table I, which shows 
their incidence and the numhci of deaths with each tjpe of major complication 
The most commonly occurring difficulty was bronchopleural fistula with or 



718 


ELDEED AND SAMSON 


J. Thoracic and 
Cardiovas, Sure. 


Table T, Complications 


1 

NUMBER I 

i 

DEAD 

Bronchopleural fistula 




3 

a. With empyema 


s 



b. Without empyema 


G 



Empyema 


7 


] 

Pulmonary edema 


9 


7 

Hemorrhage 


7 


3 

Shock 


6 


(i 

Ventilatory insufficiency 


-t 


U 

Acute spread of tuberculosis 


:t 


0 

Wound sepsis 


-i 


0 

Atelectasis 


ti 


3 

Miscellaneous 


0 


7 ) 

Lower nephron nephrosis 

o 




Paradoxical chest wall leading to poor 





drainage and requiring further surgery 

1 


0 


Stump abscess with reactivation TRC in 





bronchiectatic divisional stumps 

1 


— 


Severe reaction to local anesthetic 

1 


l 


Subcutaneous emphysema requiring 





tracheostomy 

J 


- 


Cardiac standstill 

•> 


o 


Totals 


fit) 


2!) 


without empyema. Pulmonary edema (or cor pulmonale or right heart failure) 
occurred 9 times with 7 deaths. Empyema, hemorrhage, shock, atelectasis, ven¬ 
tilatory insufficiency, wound sepsis, and acute spread of tuberculosis occurred 
in that order of frequency. There was a miscellaneous group of patients ac¬ 
counting for 9 major complications, 5 of whom died. Seventy-nine per cent of 
the patients developing complications had positive sputum, whereas 68 per cent 
of the group without complications were sputum positive. These complications 
are further analyzed in tabular form. 

The “tuberculous complications’’ occurred much more frequently in pa¬ 
tients with positive sputum: 11 out of 14 with bronchopleural fistulas (Table 
II), all of those until empyema (Table III), and all of those with tuberculosis 
spread (Table IV). Fistula occurred more frequently following lobectomy than 
in any other type of resection. In 2 cases, a segment was removed in addition 
to a lobe. There was only one bronchopleural fistula which followed pneumonec¬ 
tomy, and this occurred in a patient who had not had concomitant thoracoplasty. 
There were 5 cases of bronchopleural fistula in which the bronchoscopic note 
mentioned a “red’’ bronchus. There were 3 additional cases in which cither 
no bronchoscopy was done or the bronchoscopy was performed many weeks 
before the resection. The one case (No. 29) of mass ligature of the broncho- 
vascular pedicle, done to control hemorrhage, was followed by a bronchopleural 
fistula. The patient who developed a fistula following pneumonectomy for de¬ 
stroyed lung had bronchoscopic evidence of extensive tracheobronchial disease, 
with stenosis of the main-stem bronchus. This patient (No. 6) had uncontrolled 
positive sputum and, in desperation, steroids were given preoperatively in an 
effort to control the tracheobronchitis. The cavity was entered at surgery and, 
following pneumonectomy, a fistula developed on the tenth day; the patient 
died on the thirteenth day. That was the one and only instance of ACTH being 
administered to a tuberculous subject on this service. 
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From Table II it can be seen that inadequate drug coverage, particularly 
in the early part of the series, may have been partly responsible for the fistulas. 
In analyzing these Id fistulas there is only 1 ease (No. 5) in which there is no 



Fig. 1._case 10. A, Atelectasis, right middle and right lower lobes, due to bronchoste¬ 

nosis. 

B, Following bllobectomy (right middle and right lower lobes). 

C and D, Two and one-half years later, bronchopleural fistula and spread on right side. 
Empyema was drained with Eloesser flap, but patient died 6 months after fistula appeared, 

apparent cause. This was an instance of a destroyed right upper lobe and a 
large cavity in the right lower lobe in which a lobectomy plus segmental re¬ 
section was performed in tlie presence of a quiescent bronchus and with ade¬ 
quate drug coverage. Concomitant thoracoplasty was done; yet multiple fistulas 
occurred, which required three operations. There was a final good result. 
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Table II. 


NO. 

AGE 

SPUTUM AN II 
SENSITIVITIES 

PRKOPERATIVE 

BRONCHOSCOPY 

DRUGS COVER¬ 
ING SURGERY 

TYPE or DISEASE 

3 

20 

pos. 

RLL, RML red and 
stenotic—2 mon, 

SM, PAS 

Destroyed RML, 
RLL 

0 

37 

pos. 

Quiescent 

SM, PAS, INTI 

Destroyed RUL; 
large cavity RLL 

on 

23 

pos. 

Extensive tracheo¬ 
bronchial disease 
with RMB stenosis 

SM, PAS, TNII 

Destroyed lung; 
tracheal stenosis 
and giant cavity 

10D 20 

(rig. i) 

pos. (resistant to 
SM) 

Red, narrow RML 
and RLL 

PAS 

Atelectatic RML, 
RLL; tracheobron¬ 
chial disease 

14 

45 

neg. 

No endobronchial 
disease, but endos¬ 
copy 6 wk. prior 
to surgery 

SM, PAS, 1N1I 

Cavity RUL and 
superior segment 
of RLL 

16 

45 

pos. 

“OK for resection” 

SM, PAS, 1NIT 

Cavity A-P segment 
LUL 

26D 

31 

pos. (slightly re¬ 
sistant to SM) 

Red, friable mucosa 
at LMB, LLL 

PAS 

Giant tension cavity, 
LUL - 

29 

32 

nog. 

No stenosis or edema 

— 

The. bronchiectasis, 
LLL 

31 

53 

pos. 

Not done 

SM 

Chronic abscess 

LUL; Eloesser 
flap drainage 

44 

28 

neg. 

Normal 

SM, PAS, 1NII 

Cavity, RUL 

45* 

42 

pos. 

LMB slightly red¬ 
dened 

SM, PAS 

Cavity, LUL 

45 

47 

pos. (resistant to 
all drugs) 

Chronic slriations; 
no acute inflam¬ 
mation 

INII added to 

regimen 

Cavity, LLL and 
apex of chest 

40 

35 

pos. 

Not done 

SM, PAS 

Cavity, LUL 

50 

25 

pos. (resistant to 
PAS, SM) 

Normal 

SM, PAS, and 
vioinycin 

Giant cavity RUL 
and fibrocavitarv 
The, RML, RLL 


♦The same patient had separate flstulas with the 2 resections. 


Studies on the resistance of the tubercle bacillus to various antimicrobials 
were not done on all of the patients in this series. Twenty-one patients with 
positive sputum in the group which developed complications had resistance 
studies. It is interesting to note that of the tuberculous complications there 
were 7 resistant eases: 4 of the 11 patients in the group which developed fistulas 











\«! 39 No 6 RESECTION SURGER\ FOR PULMONARY TUBERCULOSIS 
J me i960 


721 


Bronchopleural Fistula Table 


TIIOPACO 
PLASTA j 

oi ERAT10N I 

w mi 1 

EM 

PI EM A | 

PESLLTS j 

CAUSE 

No 

Bilobectonvy 
(RML, RLL) 

Yes 

Fistula, 14th di}, requn 
mg 4 operations to close, 
died of pulmonarj edema 

Bronchus was red, preop 

Yes con conn 
tint 

I obectom} 
plus segmen 
til resect 

Yes 

Multiple fistula*, requiring 

3 operations final result 
good 

No cause ipparuit from 
chart anal} sis 

No 

Pncumoncc 

tom} 

Yes 

Fistula 10th da> , died 

13th dav 

Steroids given preopera 
tivelv, eavit} entered at 
surgci v 

No 

Pilobettonij 
(RML, RLL) 

No 

Fistula 3 >ears latei RLL 
stump dud 

Bronchus was red, preop 

No 

Segmental rc 
sect 

Yes 

I istula after 1 mo rt 
quiring 2nd opei it ion, 
good result 

No immediate preop bron 
ehostop} 

No 

Segmental re 
sect 

No 

Tistul i after 10 mo rc 
quiring thoiacoplastv 
good result 

Empli} sematous lungs 

No 

Lobectomv 

\es 

Fistula Hth dav , died 

Bronchus was red, prcop 

Yes, coneomi 
Hut 

Lobtt tom} 

No 

Fistula 3rd wetk con 
trolled b} broimhoscopic 
AgNOj cautcnzations 

Mass ligature bionchov us 
enlar pedicle to control 
hemorrhage 

No 

tobictom} and 
evasion 
Eloes^er flap 

Yes 

Fistula continued after 
drainage tubes removed, 
two further operations, 
good result 

Drug coverage not good, 
as Tbc w is not suspected 

No 

I obe< tomv 

No 

Air leak continued requir 
ing thor icoplast} on 12th 
day 

Bronchoscop} 1 mo pro 
op , empli} beni i 

No 

T obeotoni} 

Yes 

Fistula 1st di} requiring 
multiple, operations m 
eluding a 2nd lesection 
(see below) 

Brain hus red at uidoscop} 

2 mouth* pr« ap , LMB 
madv ertc ntl} entered at 
surger} 

tos, pi ere^ect 
\nd con 
f omitant 

S< gmenlal ie 
beet 

\ PS 

Fistula 3rd week requir 
mg multiple oierations, 
spread to right, died 

Uncontrolled positive 
sputum 

"V os con 
< onntant 

I obcctoni} 

\ es 

Fistula treated by pneu 
moucctoni} , died 3rd day 
postop pncumouectom} 

No broncho^cop} prioi to 
1st rcseition 

No 

Lobectomy uid 
segmental 
reject 

No 

Fistula 1st week, requiring 

2 operations, poor re 
suit w ith l>n*nl < mpv ema 

Should have hid prirtste 
tion or concomit mt 
thor icoplnslv 


had icsistance to one oi moie chugs, 1 out ot 7 of the patients with empyema 
liad lesistance to thice diugs, and 2 of the 3 patients with acute spicad were 
lesjstant to one oi moie diugs 

Table III shows that m all 7 of the cases of empsema thcie had been posi 
ti\e sputum, t ond in 5 of them tlieie had been inadequate ding io\ci<igt as 
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OP, con- Pneumonectomy Empyema 3rd week; Pleura contaminated at 
conurnnt improved following surgery; insufficient 

_ _rwo more operations drug coverage 
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judged by oui piesent day catena All of the instances of empyema followed 
either lobectomy or pneumonectomy, and there Mere only 2 patients who did 
not ha\ o thoracoplasty, either pie resection or concomitant In addition to no 
drug coverage oi insufficient drug coveiage for the cases of empyema, theie 
weie 3 cases of soiling of the pleura by cavity contents In 1 such patient 
(No 20), with resistant organisms, pneumonectomy was done tinder a (pre 
lesection) tlioineoplasty for a destroyed lung This empyema was further com 
plicated by wound dehiscence, which required completion of the tlioi neoplasty 
in two stages, followed by an eventual good result 

Acute spread of tubeiculosis following suigeiy is tabulated in Table IV, 
showing that no drug coverage oi inadequate dmg coverage was a factor m 
2 patients, and, in the thud, in whom thiee diugs were given, studies had 
shown total resistance Two of the 3 patients also had a “led” bronchus 



fig 2—Case 24 A Atelectasis ca\ ltation left lung with tracheobronchial disease J5, Spread 
to right side 1" days following pneumonectomy Patient died 2 >ears later 

The complication of acute pulmonaiy edema occurred most commonly fol 
lowing pneumonectomy as would he expected Pulmonaiy edema and vcntila 
tory insufficiency aie tabulated together (Tabic V) Pom of the patients with 
ventilatoiy insufficiency should hare had caily tiachcostomy and peiliaps 
tracheostomy with prolonged artificial respiration, as many of them had rc 
tamed secictions and underwent numerous bedside lnonchoscopies Ilcmoi 
rhage in surgery, extensive and difficult operations, advanced age, emphvsenia, 
etc , all played a part m the development of pulmonaiy edema m these patients 
as can he seen from the last column in Table V 

The complication of severe hemorihage is tabulated together with shock, 
(Table VI) The latter is a classification undei which 6 cases are tabulated 
after exhaustive analysis of the records failed to reveal any better cause for the 
complication All 6 patients m shock died Of the 7 cases of hemorrhage, 3 
patients died in the immediate postoperativ e period or within the first 2 weeks, 
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3 had ic exploiation and removal of the clotted blood oi decortication, and 1 
was impioved following conservative treatment (Pigs 3 and 4) In this gioup 
of 13 cases of shock and hcmonliage theie is no discernible cause foi the de 
velopment of the complication m 3 Ilowevei, m the otlier 10 cases mention 
was made of difficulty until hemostasis at siugeiv, oi some factor is bionglit out 
in the clinical suminaiy of the ease which gives a hint as to why it oecuiicd 

Table VII shows the 6 cases of senous atelectasis and attempts to analyze 
then causes All of these patients had immediate postoperative bronchoscopies 
Two of them (No 12 and No 55) would have benefited from eailj tracheostomy, 
in retrospect, and 1 patient (No 39) leceived a laige dose of moiplnne on the 
fiist night which maj have depiessed the respnations The patient was a 
58 -year old man who had iindeigone Iobectoim foi a mass thought to be a cai 
emoma The lesion was tuheiculous, and he had icpeated episodes of atelectasis 
which leqtuied bionchoseopv at the bedside 

Theie weie 4 eases of wound sepsis This complication occuiied following 
pneumonectomy in a ratliei pooily noinislied man (No 20) who had a history 
of alcoholism His couise was furtliei complicated by the development of an 
empjema, treated by total thoiacoplasty m two stages with a final good result 
(lcfencd to above) Another wound sepsis oeemred m a patient (No 21) who 
underwent a bilobectomy foi giant eavitv, and whose couise was complicated lit 
acute spiead which cleaicd with bionchoseopy This individual developed a 
nonspecific gianulomatous infection of the stemomamibi lal joint and the 
sternum winch lcqmred four operative picccduies on the chest wall with a good 
lesult This patient had had contamination of the pleura dining suigery 
Anothei patient (No 25) had a lobectomv for tubeiculous bronchiectasis undei 
a thoiacoplasty This patient died soon aftei opeiation with a combination of 
wound dehiscence and empyema No obvious cause foi this catastrophe could 
bo found except that there had been no antituberculous ding covciagc The 
final case of wound sepsis (No 49) occuiied in a middle aged diabetic woman 
undeigomg lobectomy foi a right upper lobe eavitv in the piesence of bilateial 
disease She developed chest wall abscess some weeks aftei opeiation which re 
quiied two opentivo pioceduies to debudc and marsupialize the infected chest 
wall Wound infection has been reported m faulv high incidence m cases in 
which pulmonarj resection for tuberculosis has been done Tins has not been 
oui experience, although in recent veais theie has been a definite increase m 
supeificial wound sepsis due to the ubiquitous staphylococcus 

The lemainmg senous complications aie classified undei a miscellaneous 
gioup m which there were 2 cases of lovvci nopliion neplnosis, 1 case of paia 
doxieal movement of chest wall, 1 stump abscess with icactivation tubeiculosis 
in bronclnectatic lobar divisional stumps, 1 sevcie icaction to a local anesthetic, 

1 ease of subcutaneous emphjsema lequinng ti.iehcosiomj, and 3 cases of caidiac 
standstill The cases m the miscellaneous gioup have little m common and aie 
not tabulated One of the cases of lovvei nephron neplnosis was due to a trans 
fusion leaction The case of sevcie paradoxical rcspnation was due to an 
unstable chest wall piobablv due to the use of formalin in a picviouslv done 
thoracoplasty This individual had difficulty raising secretions after the 
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decostalization pioceduie, but was finalh discliaiged onl\ to develop a paradoM 
cal chest wall latci, with pool diamage and btonchitctasis m the light middle 
lobe This reqnned leseetion of the middle lobe and seieial plastic leconstmctn c 
operations on the clicst wall The ease of leiction to local anesthetic occuued 



Fig 1— Case 40 A Broncl ognm slowing tubctculous bronch ectasia loft lower lobe 
B Two dais postoperath e (left lowei lobe lobectomi > bemotl om occurred 
C Response to thoracenteses enzimes an l transfusions through sixth r astopcrntHc week 
D Six months Inter cssontlalli clear chest 

in a patient who had had e\tcnsi\ e surgci-j She had had a left pneumoncotonn 
and tlioiacoplasty m 1950 In 195G the light middle lohe lmd been lemmcd, 
undci hj potherrm a, because of a lesidual cant} She died following lnteuostil 
nenc block foi chest p.un on the second postopeiatne da\, m which 40 cc 
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Table VII. Atelectasis 


NO. 

TYPE OP BISEASE 

OPERATION 

POSTOP. 

BRONCHOS¬ 

COPY 

CAUSE 

12 

Far-advanced Tbc RUL 
and superior segment 
of REL 

Lobectomy and 
segmental resect. 

Yes 

Tracheostomy should 
have been dono early 
in P.O. period, per-' 
baps excess. Pneumo¬ 
peritoneum (1,500 c.c.) 

18 

Undiagnosed lesion, 

RLE 

Segmental resect. 

Yes 

Advanced age (74)— 
emphysema, asthma 

39 

Possible Ca (or tuber¬ 
culoma) RUL 

Lobectomy 

Yes 

Large dose of morphine 
given 1st night 

42 

Solitary pulmonary 
nodule, superior seg¬ 
ment of DLL 

Segmental resect. 

Yes 

1 

54 

Cavity, RLL 

Lobectomy 

Yes 

? 

55 

Cavity, LUL under 
thoracoplasty 

Lobectomy and 
segmental resect. 

Yes 

Excessive secretions 
noted in surgery; 
should have had early 
tracheostomy 


of 2 per cent Xyloeaine was used. The eases of cardiac standstill are difficult to 
analyze, as is often the case. However, 1 of these patients had previously had 
a right lower lobe lobectomy for tuberculosis. The heart stopped during the 
chest wall closure; resuscitation was at first successful, but cardiac arrest re¬ 
curred, and she died 1 hour latex-. She did not have an immediate preoperative 
bronchoscopy, and the coroner’s postmortem examination showed massive atelec¬ 
tasis of the entire left lung. Prior bronchoscopy might have cleaned out the 
left side better. 

There was no significant difference in the number of Negroes who developed 
complications after resections when compared with white persons who developed 
complications. 


Table VIII. Cert a i n Complications Related to Ivey Date, September, 1952 



BEFORE SEPTEMBER, 1952 
(121 CASES) 

AFTER SEPTEMBER, 1952 
(167 CASES) 

Bronchopleural fistula 

8 (G.7%) 

6 (3.6%) 

Empyema 

5 (4.1%) 

7 (4.2%) 

Acute spread of tuberculosis 
Pulmonary edema and 

2 (1.6%) 

1 (0.6%) 

ventilatory insufficiency 

6 (4.9%) 

7 (4.2%) 

Hemorrhage and shock 

5 (4.1%) 

8 (4.8%) 


PRESENT REGIMEN BASED ON ANALYSIS OF COMPLICATIONS 

Commencing in mid-1952, efforts were directed to reduce postoperative com¬ 
plications. That this was at least pai-tially suecessfxd is indicated by a com¬ 
parison of complication rates in the period preceding September, 1952, with the 
rates from Septembei-, 1952, to Decembex-, 1956, By refei-ence to Table VIII 
it can be seen that there were 121 cases of complications before mid-1952 and 
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167 cases after that date There weie 8 bionchoplcural fistulas (6 7 per cent) 
m the early period and 6 fistulas (3 6 per cent) in the later peuod Of the 3 
acute operative spreads of tuberculosis, 2 occurred m the early period and 1 
later Since September, 1952, resection surgery has not been undei taken here 
in the presence of anything suggesting tubeieulous bronchitis The peicentage 
incidence of pulmonary edema and ventilator} insufficiency which are eon 
sidered together, and of hemorrhage and shock, considered together, was ap 
pioximately the same 

Based on these studies and the over all analysis of the complications de 
tailed above, the following plan of care is now standard 

In flic Picoperative Phase —In addition to stabilization of the patient’s 
lesions by the usual regimen of sanatorium eaie, cardiopulmonary evaluation is 
carried out, including clectrocaidiogram when indicated and pulmonary func 
tion tests on all of the patients Careful stud} of pulmonary function, using 
well standardized techniques (v ital capacitj, maximum breathing eapacitv, 
minute walking ventilation), together with fiuoioscopv, will enable one to pie 
diet the likelihood of a patient developing the complication of ventilator} m 
sufficiency Medical consultation is obtained m the bordeiline cases, and all 
cases are presented to a combined medical suigical conference befoio lesection 
is recommended Following the confeience, an additional peuod of observation 
on the surgical ward is earned out, with the patient ambulator}', preopeiatne 
physical therapy instruction is given Estimation of blood volume in patients 
with chronic suppurative disease is ean led out for example in cases of empv cma, 
of destroyed lung, and in all obviously debilitated patients In addition to the 
conventional and frequently used drugs (stieptomycm, paia aminosalicylic acid, 
and isomcotimc acid hydrazide) additional antinnciobials such as vionn cm and 
pyrazmamide aie used in cases of drug resistance In the past 5 ycais it has 
been our policy to obtain sensitivity studies on all positive cultmes When the 
tests indicate resistance to the “standaid” drugs (streptom}cm, INII, and 
PAS), one or moie additional drugs are added to covei the singer} Speeificallv 
we favoi pyrazmamide (in doses of 35 mg/Kg/dav) foi 1 to 2 weeks pro 
opeiatively, and for 6 to 8 weeks postopeiativcly, with frequent tests of livci 
function Viomycm is often used, together with pyiazmamide, in eases m 
which the sputum is resistant to two or more of the standard drugs, in doses 
of 1 Gm every 12 hours, given on every third day foi a similai period of tinu 
pre and postoperatively, with fiequent tests of kidnev function Cvclosoiino 
lias not been used during the period of studv 

Bronchoscopy is alw ays done by the surgeons in addition to anv endoscopies 
done at the sanatorium This is done well ahead of the proposed smgery in 
order to rule out acute oi subacute bionchitis the finding of either will cause 
the operation to be postponed, and preopciative treatment with aoiosol, postuial 
drainage, and broad spectrum antibiotics is given Bronchoscop} is also used 
in the immediate preopciative tracheobronchial toilet of the patient with abun 
dant secretions Bronehographv is now done almost routinely this adiunct helps 
to map the bronchial disease oi distoition In addition, plain films and tomo 
grams are studied 
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Tabu: YIT. Atelectasis 


NO. | 

| 

TYPE OP DISEASE 1 

OPERATION 

POSTOP. 
BRONCHOS- I 
COPY 1 

CAUSE 

12 

Far-advanccd Tbe RUL 
and superior segment 
of RLL 

Lobectomy and 
segmental resect. 

Yes 

Tracheostomy should 
have been done early 
in P.O. period, per¬ 
haps excess. Pneumo¬ 
peritoneum (1,500 c.c.) 

18 

Undiagnosed lesion, 

RLL 

Segmental resect. 

Yes 

Advanced age (74)— 
emphysema, asthma 

39 

Possible Ca (or tuber¬ 
culoma) RUL 

Lobectomy 

Yes 

Large dose of morphine 
given 1st night 

42 

Solitary pulmonary 
nodule, superior seg¬ 
ment of LLL 

Segmental resect. 

Yes 

0 

If 

54 

Cavity, RLL 

Lobectomy 

Yds 

? 

55 

Cavity, LUL under 
thoracoplasty 

Lobectomy and 
segmental resect. 

Yes 

Excessive secretions 
noted in surgery; 
should have had early 
tracheostomy 


>f 2 per cent Xylocaine was used. The cases of cardiac standstill are difficult to 
<na}yze, as is often the case. However, 1 of these patients had previous!}' had 
a right lower lobe lobectomy for tuberculosis. The heart stopped during the 
chest wall closure; resuscitation was at first successful, but cardiac arrest re¬ 
curred, and she died 1 hour later. She did not have an immediate preoperative 
bronchoscopy, and the coroner’s postmortem examination showed massive atelec¬ 
tasis of the entire left lung. Prior bronchoscopy might have cleaned out the 
left side better. 

There was no significant difference in the number of Negroes who developed 
complications after resections when compared with white persons who developed 
complications. 


Table VIII. Certain Complications Related to Key Date, September, 1952 



BEFORE SEPTEMBER, 1952 
(121 CASES) 

AFTER SEPTEMBER, 1952 
(167 CASES) 

Bronchopleural fistula 

8 (0.7%) 

0 (3.6%) 

Empyema 

5 (4.1%) 

7 (4.2%) 

Acute spread of tuberculosis 
Pulmonary edema and 

2 (1.6%) 

1 (0.6%) 

ventilatory insufficiency 

6 (4.9%) 

7 (4.2%) 

Hemorrhage and shock 

5 (4.1%) 

8 (4.8%) 


PRESENT REGIMEN BASED ON ANALYSIS OF COMPLICATIONS 

Commencing in mid-1952, efforts were directed to reduce postoperative com¬ 
plications. That this was at least partially successful is indicated by a com¬ 
parison of complication rates in the period preceding September, 1952, with the 
rates from September, 1952, to December, 1956. By reference to Table VIII 
it can be seen that there were 121 cases of complications before mid-1952 and 
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(beginning with instruction before surgery and continuing the day of surgery 
and thereafter) are carried out. Frequent fluoroscopic and x-ray examinations 
in the first few postoperative days, in addition to bedside evaluation of the pa¬ 
tient, must be done. Postoperative pneumoperitoneum is started early in se¬ 
lected cases. Additional drainage tubes are placed in any significant air-fluid 
pocket or air-containing space without hesitation, if the previous placed tubes 
do not control the situation. 

Postoperative observation with removal of the drainage tubes in the first 
few days, and with all of the above details being carried out, usually leads to 
rapid re-expansion of the remaining lung. When a space problem exists and 
cannot be managed by aspirations and intubation, early re-operation is planned. 
Delayed thoracoplasty for these space problems is an important part of the ovei'- 
all management of the patient. This is usually carried out between 2 and 3 
weeks following the definitive resection. . % 

CONCLUSIONS 

The role of antituberculosis drugs has been stressed by many workers; we 
agree that it plays a tremendous part in the prevention of complications in pul¬ 
monary resections. The few patients in the series whose sputum contained drug- 
resistant tubercle bacilli developed serious complications, which is in keeping 
with findings of other worker's. The role of pre-resection or concomitant thoraco¬ 
plasty is a subject of much debate and, from the present study, the issue is 
certainly not settled. However, it is concluded that prior or concomitant space- 
diminishing procedures serve a useful purpose in selected cases, especially when 
bronchial complications or insufficient pulmonary re-expansion would bo antici¬ 
pated. The color, sex, and age of the patient seem to have little to do with 
complication rates. 

Resection in tuberculosis still carries a higher complication rate than re¬ 
section for any other pulmonary disease. Reduction in these complications re¬ 
quires meticulous attention to many details by the medical-surgical team which 
has the patient under observation from the inception of his disease. 

Our medical confreres must present to the surgeon a patient whose tuber¬ 
culosis is stable and not progressive. A negative sputum is desirable but not 
mandatory. If positive, resistance studies are necessary. The patient’s general 
condition should be as suitable as possible for major surgery. Diabetes, chronic 
anemia, and heart disease must be controlled or controllable, l’aticnts with low 
cardiopulmonary reserve must be studied very carefully before planning re¬ 
section, as emphysema and poor pulmonary function are relative contraindica¬ 
tions to extensive resection surgery. From here on the surgeon’s responsibility 
is paramount. He must assure himself of a quiescent bronchus and he must be 
certain that there is adequate drug coverage should the patient’s organisms be 
resistant to streptomycin, PAS, and INH. 

SUMMARY 

Two hundred and eighty-eight resections for pulmonary tuberculosis in 274 
patients are analyzed. These ojmrations were done over an 11-year period; 



734 


ELDRED AND SAMSON 


J. Thoracic and 
Cardiovas. Surg. 


they are divided into an early and a late group. The complication rate was 28 
per cent for the first ffl/o years of our study and 19 per cent for the last 5y 2 
years, which reflects an improvement in surgical technique and in preoperative 
preparation of the patient with drugs, as well as in careful bronehoscopie study 
just prior to resection. The causes of the complications are discussed and meas¬ 
ures for their prevention suggested. It is believed that the complication and 
mortality rates can he brought down still lower by the careful preoperative and 
postoperative management of the tuberculous patient, as well as by meticulous 
attention to surgical details. 
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INTRATHORACIC REDUPLICATION CYSTS 


R. N. de Niord, Jr., M.D., Earl T. Owen, ALD., and 
Edward H. Hancock, Jr., M.D., Lynchburg, Va. 

D uplication or reduplication cysts within the thorax have been thoroughly 
discussed in an excellent review by Fallon and his associates. 1 These 
lesions are usually diagnosed at, or shortly following, birth because of obvious 
respiratory difficulty, including episodic cyanosis, or the occurrence of resistant 
pneumonia in the early post-partiun period. 

Duplication cysts usually lie adjacent to and in close association with the 
esophagus and have been described in all positions within the thorax. Jlow- 
* ever, in one of our cases the large duplication cyst was located immediately 
postei’ior to the bifurcation of the trachea causing marked tracheal compres¬ 
sion and respiratory obstruction. 

Duplication cysts are, by definition, hollow structures possessing a coat of 
smooth muscle similar to the gastrointestinal tract, lined by mucous membranes, 
and arc usually in close association or communication with a portion of the 
gastrointestinal tract. These lesions have been described from the base of the 
tongue to the anus but this paper specifically alludes to intrathoracic duplication 
cysts. Those cysts occurring within the thorax usually are lined by gastric 
mucosa which has led to their being called gastric cysts. They contain thick, 
clear, somewhat viscid material, usually with renin, pepsin, and occasionally 
hydrochloric acid in high concentration. Accordingly, the pH is low. These 
lesions may attain rather large size and usually for this reason have associated 
symptoms of cyanosis due to simple compression of pulmonary tissue. The walls 
of these cysts become extremely well vascularized whether or not a direct com¬ 
munication with the alimentary tract exists. For this reason dissection must be 
done with some care because of the rather severe bleeding which may occur. 

Gross 2 has described, in his text, thirteen duplication cysts occurring within 
the thorax. Beardmore and WigglcswortlF have related an interesting asso¬ 
ciation of vertebral anomalies and alimentary duplication cysts. We present 
here 3 cases of duplication cysts within the thorax, in 2 of which there were 
vertebral anomalies and a large duplication cyst causing tracheal obstruction. 


CASE REPORTS 

CASE 1.—C. E., a newborn infant, had been well until shortly after birth when cyanosis 
was noted and he was treated for pneumonia. Physical examination was not remarkable 
except for some diminished breath sounds in the right hemithorax, and diastasis recti. 

Received lor publication Aug. 24, 1050, 
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X ray studies showed a nonpulsatile smooth muss witlun the right thorax wluch seemed 
to move with tho lung on respiration (rigs 1 and 2) The roentgenograms also showed 
a vertebral abnormality at tho level of the fourth thoracic and fifth lumbar vertobruc 
The hematocrit was 58 Other laboratory studies were normal 

At thoracotomy a rather large smooth muscle evst of the nght thorax was found 
7 ho mass was so largo that room for exploration was inadequate After decompression 
of tho cjst bj aspiration of GO cc of clear \iscid fluid, scipril traction sutures wore 
taken m tho thick muscular wall and tho cjst was easily removed after division of the 
posterior blood supply from the intercostal vessels The postoperative course was un 
eventful and the child recovered complctclv 



Fig 1 Fig 2 

Fig 1-—Case 1 Postcroanterlor roentgenogram which ie\ca1s a largo roundel density 
in the right lower chest 

Fjg 2—Case 1 A lateral projection Wiich shows t lounlcd density in the posterior 
basilar region of tho thorax which is quite characteristic of duplication cysta 

Case 2—B B, a 19 v ear old white girl completely as\ mptomatic, w is foun l on 
routine x raj studj of the chest to have on mtinthorncic mass At a lift thoraeotomv, a 
large posterior mediastinal mass was found which was tlnel walled, mo mured approximately 
8 cm m diameter, and appeared gro^slj to be a duplication cj«;t Tins \ as confirmed at 
the time of lustiologic examination Grossly, the lesion was a tlnj , smooth muscle structure 
containing gelatinous brown mucoid material which was not foul smelling The external 
surfaeo of the cjst was extrcnielv vascular, but it was easily rcmovel once the intercostal 
vessel connections were divided The patient had an uneventful postoperative course 

Casf 8—J C, a one weel old infant, had been marked!j cyanotic with gasping 
respiration since birth Chest x ray studies revealed bifid cervical and thoracic vertebrae 
and a rather pronounced mass protruding into the nght chest, thought possxblv to repre 
sent tlio nght heart border The child was so cnticallj ill and short of breath that it 
was difficult to obtain satisfactory roentgenograms However, a lateral projection was 



INTRATHORACIC REDUPLICATION CYSTS 

R. N. de Niord, Jr., M.D., Earl T. Owen, M.D., and 
Edward H. Hancock, Jr., M.D., Lynchburg, Va. 

D uplication or reduplication cysts within the thorax have been thoroughly 
discussed in an excellent review by Fallon and his associates. 1 These 
lesions are usually diagnosed at, or shortly following, birth because of obvious 
respiratory difficulty, including episodic cyanosis, or the occurrence of resistant 
pneumonia in the early post-partum period. 

Duplication cysts usually lie adjacent to and in close association with the 
esophagus and have been described in all positions within the thorax. How¬ 
ever, in one of our cases the large duplication cyst was located immediately 
r posterior to the bifurcation of the trachea causing marked tracheal compres¬ 
sion and respiratory obstruction. 

Duplication cysts are, by definition, hollow structures possessing a coat of 
smooth muscle similar to the gastrointestinal tract, lined by mucous membranes, 
and arc usually in close association or communication with a portion of the 
gastrointestinal tract. These lesions have been described from the base of the 
tongue to the anus but tins paper specifically alludes to intrathoracic duplication 
cysts. Those cysts occurring within the thorax usually are lined by gastric 
mucosa which has led to their being called gastric cysts. They contain thick, 
clear, somewhat viscid material, usually with renin, pepsin, and occasionally 
hydrochloric acid in high concentration. Accordingly, the pJT is low. These 
lesions may attain rather large size and usually for this reason have associated 
symptoms of cyanosis due to simple compression of pulmonary 1 issue. The walls 
of these cysts become extremely well vascularized whether or not a direct com¬ 
munication with the alimentary tract exists. For this reason dissection must be 
done with some care because of the rather severe bleeding which may occur. 

Gross 2 has described, in his text, thirteen duplication cysts occurring within 
the thorax. Beardmore and Wigglcsworth 3 have related an interesting asso¬ 
ciation of vertebral anomalies and alimentary duplication cysts. We present 
here 3 cases of duplication cysts within the thorax, in 2 of which there were 
vertebral anomalies and a large duplication cyst causing tracheal obstruction. 

CASE REPORTS 

Case 1.—C. E., a newborn infant, had been well until shortly after birth when cyanosis 
was noted and he was treated for pneumonia. Physical examination was not remarkable 
except for some diminished breath sounds in the right hemithorax, and diastasis recti. 
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association between the enclosme of the spinal cold and liotochoid b} the meso 
dermal cell mass to foim the vertebral body by its antenor fusion, ventral to 
the notochoid and dorsal to the primitive gut In such a closuie an adhesion 
between the ectodeimal and endodermal germ layers maj oecui causing a divi 
sion of the cephalad giowth of the notochoid Tlius, a duplication and lerte 
bral defonmtv mav oceui simultaneous!} 

Two of those cases illustrate the importance of decompiession of the e}stic 
stiuctuie to peimit adequate exploiation In the third ease it was imperative 
that such decompression proceed rapidly because of the tiaclieal compression 
and lespnatoiy obstiuetion A second common finding is the vasculantv of 
the external suifaee of such duplication C}sts with oiigm of blood supply fiom 
the mteicostal vessels This seems to be a common featuie and a pnmary attach 
on the mteicostal communication to the C}st will pi event excessive bleeding 

It should be emphasized that m a newborn child with a questionable medias 
tinal mass, c}anosis and a question of respiratoiy obstiuetion, complete x lav 
studies, including lateial projections, aie indicated It lias been stated that 
liemopt}sis oi excess mucous is a frequent finding in postenoi mediastinal dupli 
cation evsts due to erosion into the delicate bionclnal structures, causing ob 
structive atelectasis and rccunent infections Hail} exploration of such lesions 
by thoracotomy and resection is indicated befoic such complications occur New 
born infants tolerate operations well and the usual lecovei} is rapid and un 
eventful 

SUMMAR1 

1 Spina bifida oi detect of the ceiueal and nppei thoiacic veitebiae, accom 
pamed by a postenoi mediastinal mtrathoracic mass in the newborn child ap 
pears to be a lather well established syndrome and the diagnosis oi duplication 
cysts can safely be considered 

2 The early removal of such duplication c}sts oi othei mediastinal evsts of 
the newborn is indicated because of lecurrent tespirator} infections aud liemop 
tysis due to bionclnal erosion, and because of cyanosis and obstiuctive atelectasis 
with secondary infection Newborn infants toleiate thoracotoni} well 

3 Three cases of duplication e}sts within the thoiax aie piesentcd In 2 
eases theie vvete veitebral body defects and in one case theie was almost total 
tiachcal comptession with respnatoi} obstiuetion All 3 patients underwent 
successful tesection 
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SPONTANEOUS SUPERIOR MEDIASTINAL HEMORRHAGE 


Arnold AI. Epstein, M.D., and Karl P. Klassen, M.D., 

Columbus, Ohio 

H emorrhage into the superior mediastinum may occur after surgery in the 
region of the neck, endoscopic procedures, or acute trauma. It also may 
result from rupture of syphilitic and arteriosclerotic aneurysms of the aorta 
and its main branches. In all these instances, the etiology can be determined 
readily by a histoi’y of antecedent surgery or acute trauma, and careful evalu¬ 
ation of the aorta by roentgenography. 

Two patients have come under our observation presenting a most, unusual 
clinical entity of “spontaneous” superior mediastinal hemorrhage. The etiology 
- in these eases has remained obscure. Their clinical course had an acute onset 
and was associated with symptoms of progressive increased mediastinal pressure. 
\Vith supportive therapy, the bleeding stopped, and over a period of several 
weeks the hematoma disappeared. Subsequent investigation failed to reveal 
the cause of the mediastinal hemorrhage. These patients have remained asymp¬ 
tomatic, showing no evidence of primary or residual cardiovascular disease. 

CASE REPORTS 

Case 1.—A GO-year-old white woman, M. F. II., was admitted to the Thorncic Surgery 
Sendee on April 2, 1958, complaining of pain and swelling in the right side of the neck. 
Nine days before admission, the patient had noticed onset of flu-like symptoms: an irritating 
nonproductive cough, sneezing, coryza, generalized malaise, and headache. 

The patient was treated with penicillin without significant improvement. On the night 
before admission, she developed pain in the right side of her neck which was increased bv 
swallowing and turning her head, and also a dull, intermittent retrosternal ache which 
radiated to the scapula on the right. There was no vomiting, fever, or chills. The pain 
increased during the night, becoming severe enough to require narcotics for sedation and 
analgesia. She complained of increasing difficulty in swallowing and breathing. Three hours 
later, the patient awoke suddenly and noticed a small, ill-defined swelling in the suprasternal 
region associated with a bluish discoloration on the right side of the neck. During the 
next 2 hours, the swelling became more diffuse, extending from both clavicles to the hyoid 
bone. The patient had been in good health, with no history of syphilis, hypertension, 
dyspnea on exertion, paroxysmal nocturnal dyspnea, or pedal edema. 

The patient was a thin, white woman who appeared anemic. On physical examination, 
the blood pressure was 120/80 mm. Ilg, pulse 70, and the respirations 20 per minute. The 
neck showed an ill-defined, doughy, diffuso swelling which extended from the suprasternal 
notch to the hyoid bone. Eccliymosis was present throughout the area. There was point 

From the Division of Thoracic Surgery, Ohio State University Medical Center, Columbus, 

Ohio. 
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tenderness I cm below and to the right of the thjroid cartilage No definite thyroid tissue 
could be palpated because of the swelling Chest, abdominal, pelvic, and rectal examinations 
were within normal limits 

The hematocrit was 32 per cent and the white cell count 5,900 The platelet count, bleed 
mg time, piothrombin tune, and coagulition time were normal Serological tests were nonreac 
tive The blood urea nitrogen was 17, and the blood sugar 117 mg per cent Both venous 
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pressure and circulation time were normal. X-ray studies of tlic chest showed a widened 
superior mediastinum with anterior displacement of the esophagus and trachea by a 
homogeneous mass, consistent with hemorrhage into the superior mediastinum (Digs. 1, A and 
2, A). 

Vital signs remained normal throughout the patient's hospital course. The patient 
improved symptomatically, and there was gradual decrease of the neck swelling. Because 



j 

i 


A. B. 

Fig. 3.— A, Admission roentgenogram of Li. S. There is marked widening of the superior 
mediastinum without tracheal displacement. B, Roentgenogram of R. S. one year later. The 
mediastinum is of normal width. 
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of her clinical improvement, exploratory thoracotomy was considered unnecessary During 
the next few dajs, the ccchymotic areas became well delineated over the neck and anterior 
chest with gradual disappearance of all symptoms The patient was discharged on the sixth 
hospital daj, the etiology of her hemorrhage being uncertain 

The patient was examined last 1 j ear later, at which time she had no complaints, and 
xray examinations showed a normal neck and chest (Figs 1, B and 2, B ) 

Case 2—A 76 jear old white man, B S, was admitted to the Thoracic Surgerj Service 
on July 22, 1958 complaining of chest pain, dyspnea, and swelling in the neck The patient 
supposedly had had a myocardial infarction in 1942 but since that time had considered 
himself well, complaining only of occasional burning epigastric para which was relieved 
by antacids There was no history of shortness of breath, dvspnea on exertion, pedal edema, 
paroxjsmal nocturnal dyspnea, or hypertension 


Fig 5—Ecchjmosis of neck and upper chest in E S Swelling m neck has subsided ilthough 
the suprasternal notch is still absent 


Several hours before admission, the patient developed a mild crushing discomfort m 
the precordium which radiated between the scapulas Initially, the pain was not influenced 
by activity, position change, or deep breathing During the next 3 hour*, the pain gradual!* 
increased in severity Self induced vomiting and antacids did not relievo his symptoms 
He began to sweat profuscl), became weak and dizzv but did not lo^c consciousness He 
began to develop a senso of pressure on both sides of the neck The patient again induced 
vomiting 

This was followed rapidty bv a sudden fullness on both sides of the neck Tor the 
first time, tlie para was relieved During the next 30 minute's, there was a not iblc increase 
in the fullness of the patient’s neck Ho was taken to his local phvsici in becnuio of incrcos 
rag difficulty in breathing, swallowing, and recurrence of Ins pain Morphine was admtnis 
tcred and the patient was fluoroseoped He was told that he might have an aneurism and 
was sent to the hospital 
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Plxysical examination showed a well-developed, slightly obeso white man who was 
perspiring profusely and was in mild respiratory distress. The patient was alert, although 
apprehensive, and was not complaining of pain. The blood pressure was 130/60 mm. Hg. 
The temperature was 96° F., the pulse 65, and the respirations 28 per minute. 

Fundoscopic examination showed a slight increase in size of the veins. There was 
diffuse fullness of the neclc, extending from the suprasternal notch to the hyoid bone. 
Palpation disclosed a diffuse, doughy sensation over the neck, with obliteration of the 
suprasternal notch. There was no localized mass. The thyroid gland could not bo felt and 
crepitus could not be felt. Both jugular veins were slightly distended. The carotid arteries 
were full and bounding. Both sides of the chest expanded well. Percussion and auscultation 
of the chest were within normal limits. The skin of the chest showed a marked delineation in 
temperature change, being cold and clammy above the nipple line bilaterally with a rather 
abrupt change to normalcy below the nipples. No murmurs were heard. 

The hematocrit was 45 per cent and the white cell count 13,350. The blood urea 
nitrogen was 15 and blood sugar 117 mg. per cent. Serological tests were nonrcactive. 
The urine showed a specific gravity of 1.020, with a pH of 7, sugar 1+, occasional white 
and red blood cells. An electrocardiogram showed no evidence of recent or past myocardial 
infarction. 

N-ray studies (Figs. 3, A and 4, A) showed marked widening of the superior medi¬ 
astinum with a soft tissue mass displacing the trachea and esophagus anteriorly. The mass 
appeared to be connected with the arch of the aorta and extended upward into the para¬ 
vertebral region of the neck. There was no definite evidence of an aneurysm involving the 
arch of the aorta. Multiple calcifications were present in the thyroid gland, but there was 
no evidence of intrathoracic extension. The presence of an early dissecting aneurysm was 
suspected. 

TPith intranasal oxygen and use of narcotics to control pain and restlessness, the 
■’ipn 4 - appeared to improve slightly. Approximately 30 hours after admission, the blood 
• dropped to 94/70 mm. Hg, but responded promptly to one unit of whole blood. 

The pulse varied from 75 to 90 per minute. The swelling in the neck decreased over the 
next 24 to 48 hours. On the third hospital day, the patient began to show ecchymotic areas 
around the neck and anterior chest wall (Fig. 5) which became well delineated by the 
fifth hospital day. Ke-examination of the neck after the swelling had receded showed no 
palpable glands or enlarged thyroid. The patient was sufficiently improved to be discharged 
on the tenth hospital day. 

Since discharge from the hospital, there lias been no recurrence of the hemorrhage. 
A scanogram, employing radioactive iodine, 3 months after discharge showed no abnormal 
distribution of thyroid tissue. Subsequent x-ray studies obtained 5 and 12 months after 
discharge (Figs. 3, 3 and 4, 3) showed complete resolution of the superior mediastinal mass, 
and cardiac fluoroscopy showed no suggestion of aneurysm. 

DISCUSSION 

Both patients were admitted to the hospital in acute respiratory distress. 
There xvas a history of sudden onset of pain in the neck and substemally, with 
progressive swelling in the neck. Rupture and dissection of an aortic or arterio¬ 
sclerotic aneurysm was suspected; however, x-ray evaluation ruled out the 
presence of such a lesion. There was widening of the superior mediastinum 
and displacement of the esophagus. This was followed by eecliymosis of the 
skin at the base of the neck, confirming the diagnosis of superior mediastinal 
hemorrhage in both cases. In the first patient, severe coughing was considered 
the initiating factor; in the second patient, vomiting was considered a con¬ 
tributory factor. Both patients responded to supportive therapy and the 
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bleeding stopped spontaneously. In the second case, calcification within the 
thyroid was considered to be the site of the bleeding. Subsequent examinations 
failed to demonstrate palpable enlargement of the thyroid gland. 

The blood vessels in the superior mediastinum which should be considered 
as the source of bleeding in these 2 patients are the inferior thyroid, bronchial, 
and esophageal arteries. One can only speculate as to the etiology of the 
hemorrhage in these cases. Rupture of a small branch during the violent 
coughing and vomiting, particularly in the presence of arteriosclerosis, appears 
to be the only explanation. The slow hemorrhage apparently stopped when 
the pressure within the mediastinum approximated the systolic blood pressure. 
Subsequent examinations failed to demonstrate the usual etiological factors 
responsible for mediastinal hemorrhage of this magnitude. 

SUMMARY 

Two cases of superior mediastinal hemorrhage of unknown etiology arc 
presented. 

The acute mediastinal hemorrhage produced severe neck and substemal 
pain and was associated with respiratory distress and dysphagia. 

Both patients recovered without specific therapy. Examination 1 year later 
failed to explain the etiology of this “spontaneous” hemorrhage. 



THE MARFAN SYNDROME ASSOCIATED WITH AN 
UNUSUAL INTERVENTRICULAR SEPTAL DEFECT 


}. Keith Ross, F.R.C.S., and Frank Gerbode, M.D., 

San Francisco, Calif. 

T he association between llie syndrome first described by Marfan, 1 of spider 
fingers and other skeletal deformities, and cardiovascular disease is well 
recognized. Bilateral dislocation of the lens 2 - 3 became accepted as part of the 
disease complex 19 years after the original description. 

The cardiovascular lesions most commonly met in the Marfan syndrome 
concern the great vessels, and fusiform aneurysm of the ascending aorta is a 
frequent finding, with dissecting aneurysm as the lethal complication. 1 The 
pulmonary artery can also be affected. 5 Apart from the involvement of the 
great vessels, which is an expression of the heritable connective tissue defect, 0 
the Marfan syndrome may be associated with congenital extracardiac defects 
such as persistent ductus arteriosus, and mild degrees of coarctation of the 
aorta. 7 

The congenital intracardiac defects most commonly involve the interatrial 
septum, 7 ’ 8i 9 and, to date, include only one reported example of proved inter¬ 
ventricular septal defect. 10 Co-existence with tetralogy of Fallot has yet to be 
conclusively shown. 7 Patency of the interventricular septum was thought to be 
present in the case reported by Cockayne, 11 but understandably his clinical diag¬ 
nosis could not be confirmed by more recently developed techniques. 

The purpose of this report is to describe a typical example of the Marfan 
syndrome in which the diagnosis of interventricular septal defect was proved 
at open operation. An unusual defect involving an aneurysm of the membranous 
portion of the septum was successfully repaired with the aid of cardiopulmonary 
bypass. 

CASE REPORT 

The patient was a 15-year-old white girl in whom a heart murmur uas heard at the 
age of G weeks; she had net or been cyanosed and had no cardiac symptoms. She had had 
four eye operations for dislocated lenses and squint. The family history is incomplete because 
the mother was adopted at an early age, but there is no suggestion of the disease on the 
father’s side. The mother had noticeably blue sclerae. The patient had one sister, who 
was normal. 

From the Department ot Surgery, Stanford University School of Medicine. San Fran¬ 
cisco, Caiif. 

Received for publication Sept. 3, 1959. 


746 



Vol 39 No G 
June, I960 


MARFAN SYNDROME WITH ISD 


747 


Physical Examination .—The patient Mas a tall, slim girl (height 6S inches; weight 
121 pounds), with long slender limbs, hands and feet (Fig 1), arachnodactyly, with ab¬ 
normally mobile fingers, and dorsal scoliosis. She also had a high, arched palate, rather 
prominent frontal bones, and normally erupted but poor quality teeth. Bilateral dislocation 
of the lenses was present, with evidence of past eye surgery The ears were normally lobed 
and normal in shape. Mental development and development of secondary sex characteristics 
were normal. 

Cardiolascular System: The only positive finding was of a Grade 3 pansystolic murmur 
loudest m the fourth left intercostal space close to the sternal border There was no thrill 

Special Imestiyations: These included a chest roentgenogram (Fig 2); an electro 
cardiogram, which was normal; and cardiac catheterization 



Flff l—Photograph of patient’s hands and feet which demonstrates the long slender c\tri m- 
ities The fingers are abnormally mobile 

The cardiac catheterization study showed cleircut evidence of a moderate sized left to 
right shunt at the ventricular level and no atri il ‘•hunt Right ventricular and pulmonary 
artery pressures wore normal 

Operation—May 10, 1950 .—The chest was opened by median sternotomy -,12 significantly 
more bleeding than usual coming from the shin, subcutaneous tissues, and sternal periosteum. 

The ascending aorta and pulmonary artery both looked and felt quite normal. With 
the patient on cardiopulmonary bypass, the right ventricle was widely opined, revealing 
what at first looked like a ballooning of the septal cusp of the tricuspid valve. However, 
the three valve leaflets were then identified and found to be normal, and it became clear that 
the ballooned tissue was in fact an aneurysm of the membranous part of the intervenin' ular 
septum (Fig. 3). It was roughly hemispherical in shape when distended, measuring nppro\ 
imately 2 to 2 5 cm across at its base, and had two «mjll holes in its wall mfenorly, through 
which red blood spuited with each vcntucular systole. The right margin of the aneurysm 
appeared to blend with tlio adjacent part of the septal tricuspid leaflet and cvtcmlcd for 
a short distance beneath the leaflet 



748 


BOSS Aim GERB0D13 


J '‘Thoracic and 
Cardiovas Surg 



L 

Fig 2—Photogiaph of preopeiative chest roentgenogram Xote lather long mu row tho¬ 
racic cage and marked dorsal scoliosis There is also prominence of the pulmonar> conus and 
increased \ascularity in the lung fields 



Fig. 3.—Diagram of findings at operation The distortion of the septal tricuspid leaflet over 

lying the aneurysm is indicated. 
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The defect was closed by interrupted silk mattress sutures placed through the muscular 
part of the septum below and the aortic annulus above, the wall of the aneurysm being 
plicated and incorporated in the repair. 

Finally, hypertrophied bands of muscle were excised from the outflow tract of the 
ventricle and the ventriculotomy was closed, normal heart action resuming when perfusion was 
stopped. The postoperative course was completely uneventful and wound healing appeared 
to be normal. 

COMMENT 

In 1838, John Thurnam 13 pointed out the potential weakness of the mem¬ 
branous portion of the interventricular septum, and described an aneurysm at 
this site. Unfortunately, Thurnam could give no clinical information except 
that the heart was “taken from a ‘blue boy,’ ” and as the aortic and pulmonary 
roots were normal he suggested “some obstruction in the course of the pulmonary 
circulation” as the cause for the cyanosis 

In the present case, while it is tempting to link the connective tissue de¬ 
ficiency of the Marfan syndrome until the findings at operation, there seems 
little doubt that the septal defect was congenital Thus, the attractive idea of 
a "blow-out” type of lesion in a previously intact septum, unless it were to 
have progressed to rupture within 6 vv eeks of birth, is not tenable If the process 
were comparable with the stress-fatigue type of change seen in the great vessels 
it should not have become manifest until early adult life. 

It is possible that the membranous septum became secondarily dilated whole 
it was already weakened by the presence of two small congenital defects, hut, in 
the absence of histologic evidence, this must ho recoided as an unusual ±onn of 
congenital interventricular septal defect in an individual who has the Marfan 
syndrome. 

It is also interesting to speculate on the degree of obstiuction to blood flow 
through the right v entncle caused by the systolic bulging of the aneurysm. 

SUMMARY 

A case is reported in which the Marfan svndrome and interventricular septal 
defect occur together 

A review of the literature shows this to be a raic combination. 

The unusual form of the septal defect is described, being a fenestrated 
aneurysm of the membranous portion of the interventricular septum 

The defect was successfully repaired at open operation with the use of 
cardiopulmonary bvpass 
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AN UNUSUAL CAUSE OF DEATH FOLLOWING 
SURGERY FOR VENTRICULAR SEPTAL DEFECT 

P G Ashmen e, M D, T RC S (C), H C L Aszkanazy, B A ,M D , anil 
G S Kenning, B A , Al D , C M, Vamouver, Buttsb Columbia 

T he surgeri of mterventiieular septal detects has advanced to a point wheip 
treatment ot patients with seveie pulmonai' In pel tension is being ttndci 
taken Consideiable ptogiess has been made in the development of opeiatne 
techniques applicable to this special gioup, notablj bj Lillehei and his associates 
Despite this, the mortality continues to be lelatively lugli aftei closuie of 
ventneulai defects Mlien the pulmonaiy lesistanco is maikedlj lncieased In 
oui experience, patients Mho die postopeiatnely because of high pidmonnij 
lesistance succumb within the first 48 horns houciei, Me hate ucontly had a 
case which Mas an inteiesting exception to this gcneial mle 

CASE REPORT 

The patient, an S year old girl, entirely free from symptoms A etrdne murmur 
had been noted first it the age of C months during i seme episode of pneumonia Sime that 
time she had remained well and had been extremely active She had never been cyanotic 
On examination there was no cyanosis or clubbing There was a short, harsh systolic 
murmur, maximal at the second left interspace The second pulmonary sound was very loud 
and single There was a prominent right ventricular heave Radiogr iplis revealed right 
sided cardiac enlargement, with pulsating pulmonary vessels that “tailed of^> , peripherally 
An electrocardiogram revealed marked right ventricular hypertrophy, without evidence of 
left ventricular hypertrophy Cardiac catheterization with a systemic pressure of 103/70 
mm Hg demonstrated a pressure of 95/3 mm Hg in the right ventricle and 94/43 mm Hg 
in the main pulmonary artery There was a rise in oxygen saturation from 11 j volumes per 
cent in the right atrium to 12 4 m the right ventricle A femoral artery sample was 90 per 
cent saturated 

These pressures were confirmed at thoracotomy A high interventricular septal dtfut 
was present winch measured about 1% cm in transverse diameter rolloumg induced card) m 
arrest with potassium citrate, the defect was closed with a compressed Ivalon patch which 
contained two holes, each 2 mm in diameter Cardiac resuscitation was uneventful "When 
cardiac action was satisfactory and wath a systemic pressure of 110 (systolic), the right 
ventricle pressure had dropped to GO mm Hg A biopsy was taken from the right nuddh 
lobe and was subsequently reported to show severe sclerosis of small arteries JTnchcotoniv 
Was performed at the end of the operative procedure Intermittent assisted respiration was 
employed in the first 8 hours postoperative!/, but did not seem necc <, > try later on 

Tor the first week the patient’s course was uneventful On the eighth da\ she began to 
have intermittent fever up to 104° V Nothing could bo found to account f 0 r this at the 

From The Department of Surgery anti Pathology The University of British Columbia and 
Vancou\er General Hospital 
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sites of incisions or in chest films. Blood cultures were negative on two occasions. By the 
tenth day she was complaining of periodic nausea, and the fever continued despite antibiotic 
therapy. On the twelfth day she became very restless and disturbed, although she had no 
specific complaints. The following morning she suddenly stopped breatliing. Despite re- 
suscitative measures, cardiac action failed about 3 minutes later. The chest was opened 
promptly, but the heartbeat could not be re-established. 

Postmortem Examination .—Tiie pertinent findings were limited to the heart and lungs. 
In the remainder of the body, the surgical incision in the chest and petcchiae of the thymus 
were the only abnormalities. 

The parietal and visceral layers of the pericardium were covered until a thick shaggy 
layer of fibrin. A 4 cm. suture line had been placed in the pulmonary outflow and there were 
also two small areas of suturing in the right atrium, one of which fastened a patch of 
fibrous tissue to the outer surface. 



Fig. 1.—Heart-the right \entricle has been opened to display the perforated Ivalon 
sponge sutured into the ventricular septal defect. The right ventricle is markedly hypertrophied 
and the pulmonary artery widened. 

The heart weighed 350 grams. The wall of the left ventricle measured 1.4 cm. in 
thickness, the right 0.8 cm. The upper end of the interventricular septum contained a round 
1.5 cm. defect which had been closed by means of tm Ivalon sponge perforated by two small 
holes (Fig. 1). A few tiny petecliiae surrounded the patch. The myocardium underlying the 
sutures was yellow and necrotic, otherwise the muscle was firm and red-brown throughout. The 
tricuspid and mitral valves were normal. The aortic valve and aorta measured 4 cm. in 
circumference; the pulmonary valve and pulmonary artery measured 6 cm. Small yellow 
flecks of atheroma streaked the aorta, particularly above the valve, and somewhat smaller 
blemishes were found in the pulmonary artery. The coronary vessels were normal. The 
pleural cavities contained a trace of fluid. The lungs weighed 320 and 250 grams, respectively, 
and were moderately congested. The branches of the pulmonary artery were large and stood 
out prominently. 

Microscopically, the hemorrhages in the thymus and necrotic foci adjacent to the in¬ 
cision in the myocardium were confirmed. The lungs showed patchy edema and alveolar hemor¬ 
rhages. The str ikin g pathologic changes were confined to the arterial tree. The large elastic 
arteries were normal, but some of the smaller ones were nearly occluded by pads of loose 
fibrous tissue. The media was somewhat thickened and contained very occasional foci of foreign 
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body giant cells. The muscular arteries were involved bj a sevcie necrotizing inflammation 
which extended through the entire wall and into the surrounding tissues (Tig. 2) Only short 
segments of the vessels and sometimes only an aie of the circumferences were affected, but 
serial sections demonstrated that practically eveiy laige muscular artery was involved at some 
point. The arterial wall was swollen with edema and heavily infiltrated by polymorphonuclear 
leukocytes and a rare eosinophil. The outei adventitia contained a dense accumulation of 
lymphocytes and plasma cells and large pale cells resembling reticulum cells. The intima 
was thickened by a lajer of edematous fibrous tissue, the internal elastic lamina wms often 



Fig 2—Acute arteritis in muscular pulmonary artery Only a segment of the vessel is 
Involved There Is some older intimal fibrosis (Hematoxylin and eosln; XllO ) 



Fie. 3—Heallne arteritis in muscular pulmonary artery. Fibrin and some inflammatory' 
cells are still present In the wall The same JcsJon was frankly acute in another area on 
serial sections. (Hematoxylin and eosin; X35 ) 
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partly smudged, and the muscle fibers of the media were disrupted and widely separated. 
Extravasations of fibrin and frank hemorrhages had occurred into the media and sometimes 
the adventitia. Crescentic sinusoidal vessels, consisting only of a single layer of endothelial 
cells and containing a small amount of blood, partly encircled the inflamed congested portions 
of the vessels. Nearly all the lesions were acute and appeared to be only about a week old. 
In the odd artery, however, the inflammation was giving way to the healing phase (Eig. 3). 
Young granulation tissue was growing in and repairing tho damaged regions. These more ad¬ 
vanced lesions always merged with an area of active inflammation and were estimated to be 
between 2 and 4 weeks old. 

The smaller branches of the arterial tree occas-ionally showed a spillover of the in¬ 
flammatory process, but mainly displayed the changes characteristic of prolonged severe 
pulmonary hypertension. While some of the small muscular arteries and arterioles were 
thick-walled and showed fibrous occlusion of the lumen, many others contained fusiform or 
globular dilatations filled with endothelial cells and organizing thrombi which divided the 
lumen into multiple tiny capillary channels, the whole complex being drained into the capillary 
network by means of one or more large, thin-walled vessels, lined only by endothelium and 
elastica. Occasionally a few foreign body giant cells lay in the middle of the proliferating 
endothelium. The veins and remaining organs were histologically normal. 


COMMENT 

Pulmonary arteritis may occur as an isolated phenomenon or as part of 
a generalized disease, either a hypersensitivity reaction or periarteritis nodosa. 
When the process is confined to the lungs, it is always associated with raised 
nxlmonary artery pressure. The underlying disease may he mitral stenosis, 
congenital heart disease until a shunt, or essential pulmonary hypertension. 1 "' 
Because of those instances in which the pulmonary hypertension is clearly 
secondary to some cardiac defect, it is now generally conceded that the arteritis 
is the result of the high pressure and not the cause of it. 

The case reported here resembled the others in tho literature in its clinical 
course and pathologic findings. The interesting feature was that the arteritis 
apparently developed after occlusion of the cardiac shunt. The child had been 
in good health prior to surgery and the immediate postoperative course had 
been uneventful. Only 6 days before death an abnormal unexplained degree of 
fever and, later, some respiratory difficulties had given cause for concern. These 
symptoms can undoubtedly be attributed to the onset of the widespread arteritis. 
In the majority of cases previously reported, the disease ran a fulminating 
course, lasting only a few days. 

The absence of arteritis in the lung biopsy taken at the time of the cardiac 
repair, although seemingly confirmatory, is really inconclusive evidence. This 
biopsy specimen contained only a few small peripheral arteries, while the in¬ 
flammation involved mainly the larger muscular vessels and even those were 
only affected in short segments. However, the bulk of the lesions at the post¬ 
mortem examination were acute and obviously of recent origin, well within the 
2 weeks which had elapsed since surgery; even those which were healing could 
have developed since the operation. 

The occurrence of the arteritis in the postoperative period can be explained 
in two different ways. First, its manifestations at that particular time may have 
been purely coincidental. Heath and Edwards’ have recently described the 
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step like evolution of hypei tensive changes m the lung vessels, in their classifi¬ 
cation aitentis constitutes the highest grade Orn patient displayed all the 
other degtees of seveic damage and might have just been leady to pass into 
the aitciitic phase It is unlikelj that the opention caused a permanent lovvei 
mg of the pulmonaiy piessme and thus pievented the development of 
aitentis since, m patients in whom the vaseulatuic has become as ngidlv 
seleiotic as m ouis, the hypertension is maintained by the fixed lesistanee in the 
lungs, even aftei collection of the cardiac malformation 5 

Alternated, it is possible that the opcution tnggeied the onset of the 
aitentis If one assumes that a light to left shunt existed, closuie of the von 
tnculai septal defect could have lvised the pulmonary picssuie bv obstructing 
some of the outflow fiom the light ventnelc Two small holes wcie left m the 
Ivalon sponge m Older to allow giadital adjustment to the alteied hemodynamics, 
hut these vveie peihaps too sm ill to be effective Some facts speak against the 
piescnce of a light to left shunt the patient was nevei cyanoscd and pieopeia 
tivo catheterization actually demonstiated a small left to light shunt and, lm 
mediately after closuie of the defect, the light ventricular pressuie fell On the 
otlioi hand, the occasional patient lias been doscubcd in whom a right to left 
shunt was unaccompanied by cyanosis 0 Moicovei, such seveie seleiotic lesions 
as were seen in the lungs of our patient aie nearly always associated with a 
light to left shunt' The small volume of the left-to right shunt during cathe 
teiwation does not exclude the possilnhtv of a level sal of flow at other times 
Even the postopeiative lowering of the picssuie m the right, ventiiclo might 
he misleading evidence m view of the unphv siologic conditions under wlucli the 
pressuies were taken Once the aitentis had developed it must have led to 
further liypeitonsion by aggiavating lesistanee in the lung and, thus, a vicious 
circle was established 

SUMMARY 

In a child with a high vcntueular septal defect and maikcd pillmonarv 
hvpcrtension, the defect was closed bv means of a pcifoiated Ivalon sponge 
The fust postopeiative week was uneventful but then a widespiead fatal artoutis 
developed in the lungs An attempt is made to explain this complication on a 
phv siologic basis 
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JUNCTION BOX FOR VIEWING DIFFERENT LEADS ON TWO 
CARDIOGRAPHS OR CARDIOSCOPES DURING SURGERY 

Sanford Cobb, M.D., and Joseph F. Mulligan, Miami, Fla. 

D uring open-heart surgery at this center (pump-oxygenator or hypothermia), 
the cardiologist frequently has wished to view an electrocardiographic lead 
on his oscilloscope different from the lead preferred by the anesthesiologist on 
the latter’s oscillograph. Heretofore the only equitable solution to this problem 
was to attach double sets of leads to the patient, as running one cardiac monitor 
from the pre-amplifier of another necessitates viewing the same lead simul¬ 
taneously on both instruments. Double leads are unsatisfactory in that too 
many wires adorn the patient, and—in the case of needle electrodes—eight 
rather than four punctures are required. 

A small junction box has been constructed to permit simultaneous record¬ 
ing or observation of two different electrocardiographic lead patterns on two 
(same or) different types of apparatus, recording and/or monitoring, while 
only one set of leads is attached to the patient. Parts are few and of standard 
variety obtainable anywhere. The principle is division of each extremity lead 
into two within the box, while maintaining continuity of isolated shielding 
through and within the box. Standard phone plugs and jacks arc used as 
quick connectors on both input and output sides. 

The box itself is made of *4 inch plywood; a metal box might permit water 
to condense inside, with consequent voltage drop across components within the 
box. Input connections may have any type of patient terminal, needle or plate, 
as the shielding of the cable is dead-ended at the terminal. Needle electrodes 
modified by the authors from the design of Brclim 1 are used at this hospital 
(Figs. 3 and 4). 

Output connections from the junction box to whatever monitors one wishes 
to use, whether catliodc-ray oscilloscopes or direct-writing oscillographs, arc 
easily made by affixing phone plugs to the lead wires provided with any monitor 
in place of the terminals ordinarily provided, as shown in Fig. 5 where a Grass 
Polygraph* and a Sanborn electrocardiographt are the two monitors to be used. 

Prom the University of Miami School of Medicine nnd the Jackson Memorial Hospital, 
Miami, Fla. 
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•Model 5 Polygraph, Grass Instrument Co., 101 Old Colony Ave., Quincy, Mass. 
jModel 51 Viso-Cardiette, Sanborn Co., Waltham, Mass, 
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Tip I—Input (l) an I output (O sides of the Junction bov 


INPUT PHONE JACK 



- LEAD WIRE ^OUTPUT PHONE JACK 

EEC SHIELDING 


-Diagram of each patient lead splitting into two within Junction box: with preservation 
of shielding 
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NEEDLE 

ELECTRODE 

CONNECTORS 


Kip. 3.—Loads from extiemitics of patient to input side of junction box Leg leads are 3 feet 

long, aim leads G feet 


SHIELDED cttsic 



Pig 1 —Detail of needle electrode Luer connector, modified from design of Brchm. 1 



Fig 5— A, Standard Sanborn elect!ocatdiographic patient cable, retaining usual San¬ 
born 5-pin male plug, but with Sanborn lead terminals replaced by phone plugs. 

B. Connections to Grass Polygraph, showing phone tips for insertion into Grass pin jack 
manifold, and phone plugs for connection to junction box. 
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It the tivo momtoung devices have then chassis connected to giound, each 
will record without mtcifeience fiom the other, and the choice of lead shown 
on. or written by each machine is completely fiee tor the opeiatoi of eacli 
Changing leads on one monitoi causes only a momentary deflection m the oscillo¬ 
scope trace or written recoid of the othei In the operating room, the junction 
box may conveniently be seemed with ndhesue tape on or near the head of the 
operating table 


SPECIFICATIONS 


Phone plugs 
Phone jacks 
Shielded cable 


Frazier connector 


Phone tips 
Sanborn input cable 
Drier connectois 


Junction Box. 

Ill A No 27, shielded, long or slioit 
IUA single open cn euit No 3S70 
Sanborn <_'o, Waltham, Mass Pait No. 
2160-A 

Other Apparatus 

C'odman & Shnitlcff Co, Boston, Mass , 
eonnectoi ioi combined suction and 
coagulation m clcctiosurgpry 
Standard solderltss pm plugs 
Sanboin Pait No G51-99 
(tiom lnoken syringes), Becton, Dickin¬ 
son &. Co , Rutherlord, N. J. 


REFERENCE 

I Brelira, W F.. Needle Adaptors for ECO Monitor mg Machines “Current Comment” 
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DISSECTING HEMATOMAS OF INTRAPULMONARY ARTERIES 
IN A CASE OF PULMONARY HYPERTENSION ASSOCIATED 
WITH PATENT DUCTUS ARTERIOSUS 

H. T. Ravines, M.D.* Kansas City, Kans. 

M ultiple dissecting hematomas of the large intrapulinonavy branches of the 
pulmonary arteries developed following transection of a patent ductus 
arteriosus in a patient with severe pulmonary hypertension. No similar lesion 
has been revealed in a survey of the literature. 

The structural changes of pulmonary vessels in pulmonary hypertension 
have been studied. Steinberg 1 described pulmonary arteriosclerosis in 83 per 
cent of 35 cases of mitral stenosis. Brenner- concluded that the average degree 
of sclerosis of pulmonary vessels was greater in the group of patients with 
pulmonary disease and hypertension than in the group with disease of unknown 
etiology. Pulmonary vascular sclerosis has also been observed in congenital 
cardiac abnormalities associated with pulmonary hypertension. More recently 
Heath and Whitaker, 3 ’ * by recording pulmonary artery blood pressure by 
cardiac catheterization, have been able to correlate the arteriosclerotic changes 
in the pulmonary vessels with the degree of pulmonary hypertension. Studying 
patients with mitral stenosis, Goodale and co-workers 8 did not End a close re¬ 
lationship between the degree of pulmonary sclerotic changes and the degree of 
pulmonary hypertension. 

Dissecting aneurysms of the trunk of the pulmonary artery are extremely 
rare. 5 ’ G| 7 In each of the cases, the aneurysm involved only the trunk of the 
pulmonary artery and the dissecting aneurysm had burst into the pericardium. 
Durno and Brown 0 reported a patent ductus arteriosus in a 33-year-old man 
with a tear of the intima at the bifurcation of the trunk of the pulmonary artery. 

In the case to be described it is suggested that pulmonary hypertension 
and severe atheromatous degeneration of the pulmonary vessels are predisposing 
factors of the dissecting hematomas. 

CASE REPORT 

A 36-year-old white housewife was referred to the University of Kansas Medical 
Center, 2 months before death, for evaluation of dizziness and polycythemia. Her past 

From the Department of Pathology and Oncology, University of Kansas Medical Center, 
Kansas City, Kans. 

This investigation aided by research training grant (2G12E) from National Health 
Council, U. S. Public Health Service. 
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•Present address: Department of Pathology, University of San Agustin, Casillft 714, 
Arequipa, Peru. 
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history revealed a diagnosis of heart disease of undetermined etiology since childhood 
For man} years she had noticed coldness and cjanosis of the hands when the} were held 
above her head Approximately one year before death the patient noticed the onset of 
"dizzy spells’’ winch progressively increased and caused her to faint occasionall} 

On admission, the patient was well developed and nourished but had c} anosis of the 
fingernail beds and oral mucosa The arterial blood pressures were 110/80 mm Hg There 
was no clubbing of the fingers 

The chest was clear to percussion and auscultation There was a Giade 2, split second 
sound m the pulmonar} area and at the apex There was a Grade 2 diastolic blowing 
murmur along the left sternal border No other murmurs wore heard ihe remainder ot 
the examination was negative The temperature of the patient w is normal throughout 
her hospital staj 

Hematocrit was 74 5 per cent, hemoglobin 15 G Gm , white blood cells 4,450 Serum 
electroljtes were carbon dioxide, 27 mEq per liter, sodium, 139 mEq per liter, potassium, 
4 2 mEq per htor Roentgenograms of the chest showed a prominent pulmonar} outflow 
tract, increase in the vascular markings of the lungs and right heart h\portroph} 
Electrocardiograms suggested right ventricular lijpertrophv 

Ear lobe oximetrj at rest disclosed a saturation of 92 per cent and a decrease after 
oxercise to 89 4 per cent Vfter 100 per cent ox}gcn inhalation for 3 minutes tl c patient s 
ox}gen saturation was 94 S per cent 

A right heart catheterization showed a patent ductus arteriosus The catl cter was 
passed through the aorticopulraonar} communication into the descending aorta lhere 
was a marked pulmonar} hypertension equal to the descending aortic pressure h.o fall m 
pulmonan artor} pressure occuired after acet}lchohne administration or 100 per cent 
ox}gen inhalation 

One week before death the patient underwent a thoracotomv The patent ductus 
arteriosus measured 15 cm in external diameter and 0 7 cm in length During the 
operation the right \entncular pressure was 90 mm Hg wlulo tic S}Stemic pressure iwis 
90/55 Tcmporar} occlusion of the ductus for 10 minutes resulted in an immcliate fall 
of the nght ventricular pressure to 40 mm Hg while that in the aorta was SO/'iQ mm ng 
Upon Tcleasc of the clamp, the right ventricular pressure returned to its previous level 
Accordingl} it was decided to transect the ductus The patient recoiered satisfactonlv 
from the general anesthesia 

During the immediate postoperative course, the right ventricular catheter which had 
been left m place revealed a steadily rising right ventricular pressure The catheter was 
removed after 24 hours at which timo nght ventricular pressure was 150 mm Hg During 
all this time the s}Stemic arterial blood pressure was S0/G0 mm Hg The pulso rate in 
creased progressively from GO per minute on the da} of surger} to 1G0 icr minute on the 
da} before death S}Stolic arterial blood pressures ranged between 90 and 08 mm Hg and 
diastolic 54 to GO mm Hg Respiration varied from 20 to 21 per minute 

During the postoperative course the hemoglobin was 13 3 Gm per cent, hematocrit 
38 per cent, and the white blood count 22,000 The urine output varied from 17o ec on 
the da> of surger} to 1,800 cc the da} before death Elcctroljtes were within normal 
limits Roentgenograms of the chest showed the lungs to he expanded, and an increase 
m bronchovascular markings throughout both lungs as compnred with the films taken be 
fore operation The third postoperative da}, the patient became progressn el} d}Spneie, 
coughed frequently, and expoctoratcd moderate amounts of bloody mucus 

On the following days she had several episodes of marked d}spnea, associated with 
severe chest pain, restlessness, and shod She was placed in an oxvgeu tent, tourniquets 
applied, and nmmoph}llino given These measures produced some objective and subjective 
improvement but the patient continued to be marl edl} d\ spneic and ovcntuallv died Post 
operativ o electrocardiograms show ed sinus tachv cardia, right bundle branch block, and first 
degree atrioventricular block In the last electrocardiogram taken 2 hours before death 
there was complete atrioventricular dissociation, and a ventricular rate of approximatelv 
140 per minute 
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Gross Findings .—At autopsy the body measured 1.54 meters in height and weighed 
54 kilograms. There was a 15 cm. healing left thoracic incision at the level of the fifth 
intercostal space. The fifth rib was absent. 

The heart weighed 420 grams. The right ventricle and auriclo were dilated and 
hypertrophied. The right ventricle ranged from 7 to 10 mm. in thickness. The left 
auriclo and ventricle and the coronary arteries showed no abnormalities. The cusps of 
the pulmonary valve were normal. The pulmonary and aortic stumps of the transected 
ductus arteriosus were sutured. 

The intima of the trunk and main intrnpulmonary branches of the pulmonary artery 
showed many elevated, irregular yellow patches measuring from 1 to 5 mrn. in diameter. 
In the large branches the intima betwen the plaques was irregularly opaque. The athero¬ 
sclerosis was more marked in the main right and left intrnpulmonary branches and to a 
lesser degree in the smaller branches. The plaques were more numerous and large at the 
points of arterial branching causing, at times, narrowing of the lumens. There was neither 
calcification nor ulceration of atheroma. 

Several large arteries of the right and left lung showed extensive dissection of their 
walls by recent hematomas. This resulted in varying degrees of narrowing of the lumens 
of the involved arteries. In general, the dissecting hematomas extended along the vessel 
and its branches. The points of intimal rupture were difficult to determine by gross in¬ 
spection. 

The dissecting hematomas involved all of the main intrnpulmonary branches of the 
right upper lobe, one of the main branches of the lower left lobe, and one main branch 
of the right lower lobe. The pulmonary parenchyma adjacent to the dissected arteries 
showed hyperemia. The pulmonary arteries of the right middle lobe and upper lobe of the 
left lung were not involved by hematomas. A few ante-mortem clots were found in a main 
arterial branch of the middle lobe and in a few small arteries of the upper and lower lobes 
of the left lung. There were two small hemorrhagic infarcts approximately 3 cm. in 
diameter in the upper lobes of the lungs. 

Atelectasis was moderate in the left lower lobe, and slight in the right lower lobe 
of the lungs. There were also fibrinous adhesions between the left lung and the parietal 
pleura. 

The remaining organs did not show significant abnormalities. 

Histologic Studies .—To study both large and small vessels, sections were taken from 
all lobes of the lungs, both from near the hilus and from the periphery. The sections were 
stained with hematoxylin and eosin, VerhoefT-van Gicson, toluidine blue, oil rod 0, and 
Masson connective tissue stains. Sections from the heart and abdominal organs were 
stained with hematoxylin and eosin and VerhoefT-van Gieson stains to study the systemic 
vessels elsewhere in the body. 

The findings in various sections from the elastic pulmonary arteries (diameter 
greater than 1,000 g) were similar. There was a marked, irregular intimal thickening of 
part or of the entire circumference of many arteries. The thickened intima was made 
up of dense hyaline fibrous tissue. Some patches consisted of a loose fibrillar connective 
tissue with few ovoid and spindle-shaped cells. Varying amounts of fat were present in 
most of the patches. Beneath some of the larger atheromatous plaques the media was 
thinned; elsewhere the media was thickened and showed an irregular increase of connective 
tissue. In numerous places the media showed irregular foci of faintly blue metachronmtie 
material, and still in other places small cysts, some of which wore confluent. The elastic 
tissue was in general absent or fragmented in the patches of atheroma. No infiltration of 
inflammatory cells was seen in any of the arteries examined. The adventitia showed no 
abnormalities. 

The small muscular pulmonary arteries showed marked thickening of the intima 
with narrowing of the lumen. The thickened intima consisted of dense hyaline connective 
tissue with few spindle cells. Fat was absent in the sections examined. 
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Fig. 1.—Pulmonaty aiteriole occluded by recanalized thrombus (Verhoeff-van Gleson stain; 

v 1O0.) 
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Extensive pulmonary arteriosclerosis associated with severe pulmonary hyper¬ 
tension is considered to be the main pathogenic factor. 
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ARTERIOVENOUS FISTULA OF THE LEFT INTERNAL 
MAMMARY VESSELS SIMULATING A PATENT 
DUCTUS ARTERIOSUS 

RobeitH Holland, MD Dallas Texas 

A rteriovenous ustuevs of the thoiacie wall are raie Even more unusual 
are fistulas involving the internal mammaij aiterv, onlv 2 cases of which 
weio leported fiom the vast an ay of mjuiies sustained in AVorld Wai II 
Shumackci and Caitei 1 lepoited I case and the second was lecorded bv Waltei 
Reed Aimy Hospital * Both of these fistulas involved the light internal mam 
maij artery and innominate vein A thud ease, which followed ladical mastec 
tomj, was leported bj Glen and Steinberg 3 This was an antenovcnous 
aneuijsm involving the light internal mammarv aiteiy and vein 

The lesions repotted above weie not confused with patent ductus nitciiosus 
Ilowevet, Maiei and Stout' lepoited a case of ail aitenovenous fistula of the 
left aeiomiothoiacic and lateial thoracic arteries and the adjoining veins which 
did simulate this condition Then pieopeiative diagnosis was simplified when 
a mass developed in the left subpcctoial aiea 

In the ease we me about to piesent neithoi of these happy cncumstances 
existed, that is, a lustoi) of a ponetiatmg mpiiv 01 the picscncc of a mass It 
was om film conviction that the patient had a patent ductus aitenosus and 
little thought of an aitenovenous fistula was cntcitamcd until the left thoiauc 
cavitj was opened 

CASF REPORT 

The patient was a 35 vear old white male telephone lineman who was told in 1015, 
following a routine physical examination, that ho had a heart murmur This was found 
on all subsequent physical examinations, and one doctor, who had examined lum several 
times, thought tint the murmur wss growing louder He had »omo shortness of breath 
on exertion and during the previous several months had noticed that he could not heep 
up with lus co workers in doing heavy worl His main purpose in entering the hospital, 
however, was for investigation of left temporal and frontal headaches which ho also 
had had for the previous 0 or 7 years In 194-1, the patient had had a left mastoidecfomv, 
and in 1958 an operation on the left shoulder for removal of some calcium lie hnd had 
a rather severe injur} to his left chest in 1951 when ho fell from n telephone polo 

On plijsical examination, the patient vvns n well developed, well nourished wluto 
man in no apparent distress He had a scar over the lett mastoid nrea and a scar over 
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the left shoulder. There was a machinery-lilce murmur over tho left second parasternal 
interspace which was confined to an area about 2 inches in diameter. There were no 
other abnormal physical findings. 

The routine laboratory studies were nil normal and pulmonary function studies 
were better than predicted. While in the hospital he was seen by members of the Ear- 
Nose-Thront, Eye, and Neurological Departments, none of whom could ascertain the 
source of the headaches. The members of the medical department thought thnt he might 
have an aneurysm of one of the cerebral vessels but this was nover confirmed. A right 
heart and left pulmonary artery catheterization was performed and found to be normal. 


Mammory Artery 


Mammary Vein 


Fistula 


Fig. 1. The arteriovenous fistula of the left internal mammary vessels as viewed from behind. 

Since no obvious cause for the headaches could be determined, correction of tho 
patent ductus arteriosus was considered to be in order. Accordingly, on April 27, 1959, 
the patient was operated upon through a left posterolateral thoracotomy incision. It soon 
became evident that there was an aneurysm involving tho left internal mammary artery 
and vein and that a patent ductus arteriosus did not exist. Fig. 1 illustrates tho anatomy 
as found at the time of surgery. It was thought that the procedure of choice, as recom¬ 
mended by Holman,s was ligation of tho artery and vein proximally and distnlly and 
excision of the entire fistula. This was performed without any difficulty. No thrill was 
felt in the area of tho ligamentum arteriosum. However, it was also isolated, ligated, 
and divided. 

The patient developed a pericardial friction rub following surgery but this faded 
in about 5 days. The murmur disappeared and he was discharged from the hospital on 
the eleventh postoperative day. 
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DISCUSSION 

In retrospect it seems unlikely that this murmur, which was rather loud 
but confined to a small area, could have been missed in the many examinations 
this man had prior to and after induction into the service during World War 
II. The additional history of injury to the left chest with the advent of the 
murmur several years later suggests a traumatic rather than congenital etiology 
of the fistula. 

The patient has not had a headache since surgery which must be accepted 
as a pleasant but fortuitous sequela. 

As an oddity the case is interesting, and with the increasing number of 
crush injuries to the anterior chest due to automobile accidents, similar 
phenomena may be observed more frequently in the future. 
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INNOMINATE ARTERIOVENOUS FISTULA 
A Report of One Case and Review of the Literature 

Lloyd D. MacLean, Al.Dand William F. Mazzllcllo, M.D., 

St. Paul, Minn. 

A rteriovenous fistula between the innominate vessels is exceedingly rare 
and presents some unique problems in diagnosis and treatment. There have 
been 7 cases of innominate arteriovenous fistula previously reported in an ex¬ 
tensive literatui’C on the general subject which originates with the i-eeognition 
of this abnormality by William Hunter in 1757. 1 Major contributions to our 
i derstanding of the regional and systemic hemodynamics and reactions of the 
patient or animal to an arteriovenous fistula have been made by Ilolman, 2 
Reidd Elkin, 4 and Lillehei.' 

There follows a case report which details the diagnosis and treatment in the 
eighth reported ease of innominate arteriovenous fistula. 

CASE REFORT 

F. T., A-725S9, aged 2G, was admitted to the Anchor Hospital on April 17, 19.19, .10 
minutes after being shot in the left neck with a .32 caliber bullet. The bullet passed from 
the left cervical region to the region of the right axilla posteriorly. A right pneumothorax, 
mediastinal hematoma, contusion of the right lung, and fracture of the third rib on the right 
posteriorly were found on admission (Fig. 1). A thoracostomy tube was inserted after which 
the lung expanded. Serial measurements of cervical circumference over the first 4S hours 
following admission revealed an increase of only 2.5 cm. This decreased gradually after 4S 
hours. The patient was repeatedly examined for a thrill and bruit because of the likelihood 
of vascular injury with a missile which passed from one side of the body to the other across 
the superior mediastinum. A thrill and bruit were first detected on the ninth post-injury day. 
This was accompanied by an increase in pulse rate to 120 per minute from SO to 90 prior to 
this. The patient complained for the first time of shortness of breath on walking to the 
bathroom. The murmur which was continuous was heard with maximal intensity over the 
right sternoclavicular joint and was transmitted into the right cervical region. The murmur 
could be heard over the entire precordium and into the epigastrium. Peripheral pulses were 
equal and no neurologic defect was elicited on examination. 

A diagnosis of arteriovenous fistula involving the innominate vessels was made. The 
following confirmatory procedures were done. (1) Cardiac catheterization, (2) venous and 
arterial angiograms, (3) venous pressures of both upper extremities, and (4) circulation 
times (arm-to-tonguc) with injection into the antecubital vein of both arms. 
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Fig 1—Chest ioentgenogram of patient it t i cf it isson which shows light mcdlastin il 
hematoma anti pneumothorax ri l llei i n in tli« right nxiiU 



Fig j—Arterial angiogram which shows Injiction made via a catheter the tip of which 
is placed - ‘ —a collection of contrast material outside of the arter> 

which dt s circulation is outlined by small arrows This proved to 

be a fal e The upper arrow fs pointing to contrast materia! in the 

common 
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The electrocardiogram was normal. 

Veno-cardiac catheterization revealed a large increase in oxygen saturation in the right 
innominate vein. An increase in pressure also occurred at this point (Table I). The arterial 
angiogram revealed a collection of dye outside of the innominate artery which in retrospect 
was in an associated false aneurysm between the innominate artery and right innominate 
vein (Fig. 2). An insufficient quantity of contrast material was injected to visualize the 
fistula in this area. Venous angiography likewise did not make the fistula visible. The 
venous pressures and circulation times (Table II) indicated involvement on the right side. 

Operation was performed on May 8, 1939 (3 weeks following injury), with the use of 
hypothermia. The patient was cooled to 90° F. The electroencephalogram of the patient 



Fig. 3.—The false aneuiysm and fistula as visualized at the operation. The right In¬ 
nominate vein was closely adherent to the false aneurysm and both were resected. The 
innominate artery was controlled cephalad to the left Innominate vein. The completed repair 
appears at right. 


Table I. Data Obtained From Veno-Carpiac Catheterization 



MEAN PRESSURE 

(MM. Hg) | 

; o- saturation 

(per cent) 

Brachial vein 

— 

G7 

Subclavian vein 

1G 

74.0 

Right innominate vein 

24 

92.9 

Left innominate vein 

6 

63.2 

Superior vena cava 

5 

83.4 

Main pulmonary artery 

20 

G3.21 

Femoral artery 


93.44 

Right ventricle 

15 

— 

Cardiac output = 10.31 L./min. 
Cardiac index = 5.34 
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Table II Venous PrcssurLs a\t) CircuiATiON Times Pi iof to Surtffx 


DATE 

VFW 

\FNOlJS ITLSM.IF i 
(CM ) | 

CIFOUIATIO'I TIME 
(atm to TONGUE) 
(SEC ) 

April 27, 19j9 

Left 

12 4 

14 0 


Right 

20 0 

19 0 

Mi) 4, 1950 

Left 

10 0 

12 0 


Right 

21 0 

20 0 


" 18 motored throughout the procedure The incision extended from the suprasternal notch 
to tlie fourth intercostal space The sternum mis divided longitudinally over that distance 
and the incision was extended out into the fourth intcicostal space on the right The sternum 
was separated and adequate exposure resulted without iejection of any portion of the clavicle 
The thjraus was resected and tapes were place! about the right and left innominate veins 
and the innominate, carotid, and subclman arteries A thrill was easily palpable with 
maximal intensity in tho right innominate vein The innominate artery was separated from 
the right innominate vein b> a false ancurv^m (Fig 3) The nght innominate aein was 
intimatcl} associated with the faFe aneurysm Ru aw was accomplished b} tcmporanl} 
occluding the innominate artery proximal to the fistula and the carotid and subclavian 
nrtenes distal to the fistula A lateral difeet m th art rj 2 2 cm in length, was repaired 
without narrowing the lumen The false aneunsm 4 cm m diamitcr, was excised with the 
adherent nght innominate vein The innominate artux w is occluded for a total of 9 minutes 
The electroencephalogram did not cliango durm *■ innominate carotid, and subclavian arter} 
occlusion The patient has had normal carotid and r tdial and brachial pulses «unco surger} 
and no thrill or murmur has been detectable He w s lischarged from the hospital on May 
-1 1959 the twelfth postoperative day, and has retuini 1 to work since that timo as a dining 
car waiter 

DISCUSSION 

The previous experience with innominate arteuovenous fistula is summanzed 
in Table III The fiist reported attempt at smgieal repair was bv Lexer m 
1934 0 Since that time 6 additional cases hav e been reported 7,1 A hmd, 
usuallj continuous, murmui was found m all patients Definite cardiac failure 
liad developed m 5 of the patients pnoi to treatment An interval of ovci 1 year 
existed between injury and tieatment in these patients The arteuovenous 
fistula communicated between the innominate artery and the right innominate 
'em m 3, the loft innominate vein m 3, and the junction of tiie nght and left 
innominate veins m 2 patients 

Suigical lepau has been quite varied Multiple bgatmn of the innominate, 
caiotid, and subclavian artenes was performed on 3 patients Closuie of the 
fistula with repair of the aiteiy ins been done in 5, either by temporality oc 
eluding the proximal and distal vessels and dnectlv repaning tho artciy or bj 
tiansvenous sutuie after entering the involved vein or by transfixing ligatures 
through the involved vein using the palpable bunt as a guide Theic have been 
2 deaths among the 8 cases leported The first patient l epoi ted died of infection 
on the eighteenth postoperative daj The other death occurred 18 hours follow 
'tig suigery m a patient m scveie heart failure with caidiac cinhosis and 
ascites The latter patient, lepoited from the Russian litciatiue, 11 was found 
to have a small peisistcnt fistula at autopsy The lepm was attempted using 
transfixing ligatures through the involved vein 
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The region of the innominate vessels can be conveniently exposed by a 
median sternotomy with extension into the fourth right intercostal space. Direct 
suture repair of the innominate artery is recommended over other methods pre¬ 
viously described. 

Venous catheterization with serial measurements of pressure and oxygen 
saturation of the blood proximal to and beyond the point of suspected fistula is 
the most convenient method readily available for precisely locating a fistula in 
this area. Arterial angiography is useful in giving additional information on 
the presence or absence of an associated false aneurysm. 
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ANOMALOUS ORIGIN OB THE CORONARY ARTERIES WITH 
SPECIAL REFERENCE TO SURGICAL TREATMENT 

George G Rowe, M D , and William P Young M D , Madison, I Vis 

A nomalous origin of tlie coionaiy artery liom tlie pulmonary arteiy has 
recently Been reviewed 1 2 as has Uccation ot the anomalous vessel m older 
to improve the mj ocal’dial circulation 3 Then i-> still discussion m some quitters, 
however, as to whether the circulation m tlicsc abnormal vessels tml\ passes 
from the mjocaidmm into the pulmonary ivtuv Two iccent cases may cast 
some light on this question and tliei ef or c ai o lepoi tod 


CASE REPORTS 

Case 1 —R E, a 7 year old boy "is op rated on for closure of an ntrnl septal defect 
At the time of exposure of the anterior surface of tl c heart the right coronary artery was 
found to arise from the pulmouarv artery As tl o advisability of ligature of this vessel was 
raided, epicardnl elcclrocTrchograms \\etc taken l li^iture pn^c a ,ou ic \esse < 

the Vessel nas occluded transiently During the time tl at the origin of the vessel from i 

pulmonary artery was obstructed it was observe 1 that the vessel became distended and stood 
out on the surface of tho myocardium as though ,t contained blood under increased pressure 
ns compared to tho state prior to Us closure On release of tho ligature the vessel do 

creased rn size, appearing as it had prior to manipulation It was concluded that th 

circulation passed from the normal coronary vessels into the anomalous artery and drained 
into tho pulmonary artery Therefore, the anomalous vessel was ligated at its origin from 
tho pulmonary artery Repeated ep.card.al electrocardiographic tracings failed to reveal 
any evidence of ischemia in the region of distnbuUon of tho vessel in tho myocardium, 
the atrial septal defect was then closed and the patient's postoperative course has con 
firmed tho fact that no significant damage was done to tho myocardium by ligature of 
tlie anomalous coronary artery 

Case 2-C A, a 9 year old boy, was operated on for closure of a ventricular sept il 
defect A rather large anomalous coronary artery was found arising from tho pulmonary 
artery and passing down over tho outflow tract of tho right ventricle between the no an 
right and loft coronary arteries (Tig 1) Tho vessel appeared to ho the coronary artery of 
the conus 1 It was dmscctcd free from tho myocardium near its origin from tho pntaoimj 
artery and a No 22 needle was inserted into its lumen The pressure in the anomalous 
coronary artery was approximately 32/18 mm Hg, whereas the pressure in the pulmonary 
artery was about 32/14 mm Hg Both pressures wore considerably 1 clow the pres uro 
(114/70) m tho internal mammary artery When the ligature at the origin of t o 
anomalous vessel from the pulmonary artery was tightened, the anomalous artery became 
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tenso and distended, standing out from the surface of the myocardium. Simultaneously, 
the pressure inside of the vessel rose to 100/50 mm. Hg or into the same general pressure 
range ns the sjsteinic arterial pressure and remained at this level until tho ligature was 
loosened. Compared with tho pressure originally recorded, the pressure in the anomalous 
vessel immediatclj' before its complete occlusion suggests that it was partially obstructed. 
Tho response to complete obstruction and release was dramatic (Fig. 2). With tho 
ligature released, a 1 per cent solution of Etans blue die was injected into the anomalous 
coronary artery, but no staining of tlie miocardium was observed, apparently because 
tho dvo was earned by the anomalous vessel into the pulmonary arteiy. With tho liga¬ 
ture closing at the origin of the anomalous vessel from the pulmonary artery, Evans blue 



1—These two \ievs show the anomalous origin of the coionniy niterv of the conus 
in Case 2 A shows the vessel as it arises from the enlaiged pulmonary artery and B shows 
its course downward over the outflow ti ict of the light ventilcle between the noim.il!> aris¬ 
ing left and right commit v .uterios 




Pig 2— A, The pressui e tracings fiom within the svstemic ai tei v and the anomalous 
coronary artery are shown during occlusion and lelease of the coionary aiteiy at its ongm 
from the pulmonaiv arterv B, The pressure tiacmgs fiom within the pultnonarv and the 
systemic artery The sensitivity to pressure was the same on all scales throughout It can 
be seen that the pulmonarv aiterj pressure was lowest, the anomalous coionary artery slight!} 
higher and the sjstemic arterial piessure highest During occlusion of the coionnry aitei}, 
pressure within its lumen rose tow aid tho sjstemic arterial piessure level and fell again on 
its release 
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dye -was injected again into tlie anomalous coronarv vessel Under these circumstances 
the Einns blue die stained the myocardium in the arta of distribution of the vessel 
Furthermore, dye could be seen to pass through anastomoses into tho right coronan 
artery and downward toward the apex ot tho heart AV hen the ligature lias released, the 
dyo uas seen to wash out from tho stainod area of the myocardium and the normal color 
of tho heart returned V hen the needle uas liithdrnin from tl l. anomalous icssel, the 
blood which ran out through the perforation was bright led, in striking contrast to the 
normal icry dark color of blood iihich has perfusul the miornrdium It uas concluded 
from this set of observations that the anomalous vessel did not cany blood to the heart 
but rather drained blood into the pulmonan arteri, serving in some respects as an 
arteriovenous fistula, therefore, it uas ligated Observation of tho myocardium in the 
penpheril distribution of this vessel revealed that it remamed normal m color and con 
trailed to contract forciblv, indicating that the myocardium uas not damaged by its 
ligation Closure of n ventricular septal defect was then performed, and the patient 
tolerated the procedure well 


DISCUSSION 

Theie arc seveial iefeiences to the thesis that a coionaij arteiy ansing 
flora the pulmonary arteiy must constitute an aitciiovenous fistula because 
oidinanly it is thin ualled and has little picsstne at its ongm as com 
paied with the piessuie at its distal end, wheie it anastomoses with the aitcnes 
which anso fiom the aoita 3 5S Indeed, Biooks leached this conclusion by 
deduction from pure anatomic cv idoneo m 1885 5 It is only ielatively iccently, 
however, that suigeons have undeitaken to ligate anomalous coionary aitencs 
on the assumption that they depnve the inyocudium of Wood flow s s These 
attempts have iccently been lcvievved m a leport vvhicli piesents 2 cases of 
anomalous ongm of tho left cotouaiy aitery and discusses 3 cases m winch 
ligation of an anomalous left coionary aiteiy was undeitaken 3 One of these 3 
cases was successful 

It is believed that in the 2 cases repotted hole there is leasonably deal 
evidence that flow occurred fiom the my ocai dium through the anomalous 
eoionary arteiy into tlie pulmonary aitery The fact that m each ease the 
anomalous coionaiv aitery became distended aftei ligation indicates tint tlie 
vessel was filling fiom noimallv ansmg coionary vessels Aftei the ligatuie had 
been placed tho anomalous vessel was unable to empty into the pulmonary aitery 
as it had previously This is corioboiated by' the fact that tlie diioct epieaidial 
elcctiocaidiogiapluc loads taken fiom the uiea into winch the anomalous vessel 
was distnbuted m the fust case failed to show any evidence of ischemia In 
tlie second case, the evidence is even moie eleai in tint (1) occlusion of tlie 
anomalous vessel at its ongm fiom‘the pulmonary aitery was associated with 
a use m piessuie m the vessel appioachmg tho level of the systemic aiteml 
piessuie and (2) injection of Evans blue dye into the vessel failed to stam the 
myocaidmm m its aiea of distribution pnoi to occlusion but did produce lm 
mediate staining of the myocaidmm aftei tlie vessel had been occluded at its 
ongm from the pulmonary arteiy The fact that m both eases tho hcait 
toleiated ligation of the anomalous vessel well is furthei evidence tint the 
blood supply to tlie inyocudium m the penplicial distribution was not 
compiomised by tlie occlusions 
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tenso and distended, standing out from the surface of the myocardium. Simultaneously, 
the pressure inside of the vessel rose to 100/50 mm. Hg or into the same general pressure 
range as the systemic arterial pressure and remained at this level until tho ligature was 
loosened. Compared with the pressure originally recorded, the pressure in tho anomalous 
vessel immediately before its complete occlusion suggests that it was partially obstructed. 
Tho response to complete obstruction and release was dramatic (Fig. 2). With the 
ligature released, a 1 per cent solution of Evans blue dye was injected into the anomalous 
coronary artery, but no staining of the myocardium was observed, apparently because 
tho dyo was carried by the anomalous vessel into the pulmonary artery. With the liga¬ 
ture closing at the origin of the anomalous vessel from the pulmonary artery, Evans bluo 



Pis'- 1-—These two views show the anomalous oripin of the coronary artery ot the conus 
in Case 2. A shows the vessel as it arises from the enlarged pulmonary artery and B shows 
its course downward over the outflow tract of the ripiit ventricle between the normally aris¬ 
ing- left and right coronary arteries. 



Fig. 2.— A, The pressure tracings from within the systemic artery and tho anomalous 
coronary artery are shown during occlusion and release of the coronary artery at its origin 
from the pulmonary artery. B, The pressure tracings from within the pulmonary and the 
systemic artery. The sensitivity to pressure was the same on all scales throughout. It can 
be seen that the pulmonary artery pressure was lowest, the anomalous coronary artery slightly 
higher and the systemic arterial pressure highest. During occlusion of the coronary artery, 
pressure within its lumen rose toward the systemic arterial pressure level and fell again on 
its release. 




RENAL AND PORTAL BLOOD FLOW UNDER NORMOTHERMIC 
AND HYPOTHERMIC CONDITIONS DURING 
EXTRACORPOREAL CIRCULATION 

/ jontz, MD ,G Bounous, MD, I Heimbmgei, MD ,C S Sit, A1 D , 

S Teramoto, MD , H B Sbumacket, ]> ,/HD, and 
M Omits, M D , Indianapolis, hid 


T otal cardiopulmonaiy bypass wuth extiaeorpoteal circulation is being used 
with mcieasing frequency m tlie open eoncction of cardiac abnormalities 
Most of those who employ this method attempt to maintain normal body tem- 
peiatuic An uicioasing number, liowovct, aie combining modeiate hypo 
thcrmia with extracorporeal enculation because of ceitam potential advantages 
of this combination 1 s 

Little is known about the distubution of blood flow duiing extracorporeal 
en dilation It was tlie purpose of this study to deteimine the flow' of blood 
through the kidneys and poital system dm nig total body pel fusion with 
extiacoiporeal enculation 


MATERIALS AND METHODS 


Adult mongiel dogs ranging m weight fiom 14 to 20 kilogiams weie used 
They weie anesthetized by the intravenous injection of a 5 per cent solution 
of thiopental sodium An endotiachcal tube was nisei ted and oxygen was 
admimsteied by means of a mechanical rcspuatoi Mid esophageal tempeia 
tuies weie recoided thioughont all expeiimcnts by means of a tcletheimom 
eter The mean systemic blood piessmc was monitoied by means of a plastic 
cathetei placed in a femoial aiteiy and connected with a U tube moieuiy 
manomctei Cardiopulmonary bjpass was accomplished by witluliawing the 
total vena caval return thiough catheteis by gravity diamage into a bubble 
oxjgenatoi The oxygenated blood was returned by means of an oechisno 
Sigmamotoi pump into a femoial aitcij' Bach animal was hepanni/ed bj 
the mtiarenous injection of hcpaiin, 1 5 mg pei kilogiam The extia- 
coipoieal encuit was pinned with fiesh hepanmzed blood Plow lates weie 
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determined before the bypass was begun by measuring the volume delivered 
per unit of time. In those animals rendered hypothennie, the body tempera¬ 
ture was controlled by means of a heat exchanger and was kept as near 30° 
C. as possible. Renal and portal flows were measured every 2 minutes during 
the 30-minute period of study. 

Control data concerning cardiac output in normal anesthetized dogs with 
the chest open were obtained from another study carried out in this labora¬ 
tory. 1 Similarly, control observations relating to renal and portal blood flows 
under normothermic and hypothermic conditions were obtained in this labora¬ 
tory by other studies carried out concurrently. 5 ’ 0 

The method for measuring renal blood flow has been previously de¬ 
scribed. 7 It permits unimpeded drainage of the total renal venous return 
by gravity into a graduated burette. The blood is returned by pump into 
a jugular vein. There is no interference with flow of blood from the infra- 
renal vena cava into the suprarenal portion of the inferior vena cava. The 
speed of the pump is so regulated as to return blood into the jugular vein at 
the same rate as it is being drained from the kidneys. The flow rate is calcu¬ 
lated by momentarily stopping the pump and recording the interval of time 
necessary for the collection of a unit volume of blood. 

Portal venous flow was also determined by a method developed in this 
laboratory and described elsewhere. 0 This method entails division of the main 
extrahepatic portal vein. Each end of the vein is cannulated with a large- 
bore plastic catheter. The portal flow is allowed to collect by gravity drain¬ 
age into a graduated burette and is then returned into the proximal portal 
vein by a pump which is regulated so that the blood is returned at the same 
rate as it is being delivered from the distal portal vein. The flow rate is calcu¬ 
lated by momentarily stopping the pump and recording the interval of time 
necessary for collection of a unit volrrme of blood. 

Renal blood flow was measured during total cardiopulmonary bypass in 
20 dogs, the temperatirre of which was maintained at near normal levels. Five 
animals were perfused at the rate of 40, 5 at the rate of 60, 5 at the rate of 
80, and 5 at the rate of 100 c.c. per kilogram per minute. In 15 additional 
animals, similar studies were carried out at a body temperature of approxi¬ 
mately 30° C. Five were perfused at the rate of 40, 5 at 60, and 5 at 80 c.c. 
per kilogram per minute. 

Portal flow was similarly measured during total cardiopulmonary bypass 
in 15 normothermic dogs. Five animals were perfused at the rate of 40, 5 at 
60, and 5 at 80 c.c. per kilogram per minute. In 15 additional animals, similar 
studies were made in moderately hypothermic dogs. Five were perfused at 
40, 5 at 60, and 5 at 80 c.c. per kilogram per minute. 

RESULTS 

The data concerning renal blood flow are recorded in Table I. Attention 
should be called to the fact that the control data concerning renal blood flow, 
and the same is true concerning portal blood Aoav, were obtained in animals 
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lendeicd hjpotliciinic by immoision of the body m ice and vvatci lathci than 
by extiacoipoieal cooling of the blood It is felt that the companson of data 
is interesting and informative in spite of the difteient methods utilized for 
body cooling Othci studies canned out m this laboiatory indicate that the 
chief difference between the two methods concerns a lag in the fall of deep 
muscle tempeiatme when an animal is made hypotheimic rapidly by chilling 
the blood extiacorpoieally The diop m tempeiatme of such deep oigans, as 
the liter, is, howeiei, compaiable with the two methods 


Table I Studies op Resat, Broon Flow 


1 

1 

NO 1 
OF 

CARDIAC OUT 
PUT OP TOTAL 
BODY PER 
FUSION 
(C C /KQ / 

AYEP\GE 
ESO 

PHVGEVL 

AVEF 

AGE 

BLOOD 

TP.ES 

SUTE 

(MM 

PENAL BLOOD 

FI OW 

(C C /KC /MIN ) 

1 

PER CENT^ 
OI | 

CARDIAC ' 

PER CENT 
OF 

NORM VL 


DOGS 

MIN 1 

TFMP 1 

Hg) 1 

RANGE | 

mean! 

OUTPUT | 

FLOW 

Normothermic Animals 
Controls 43 

12b 

36 5 

130 

18 2 35 0 

24 5 

19 4 

100 0 

Extracorporeal 

O 

40 

36 7 

65 

27 73 

57 

14 3 

23 3 


5 

60 

37 2 

04 

8 8 15 2 

11 G 

19 3 

47 3 


5 

80 

lb 3 

122 

11 7 22 7 

17 4 

21 8 

71 0 


0 

100 

°f 5 

114 

19 2 27 1 

22 5 

22 5 

91 8 

Hypothermic Anmcils 

64 

) 0 

100 

7 6 17 2 

12 9 

19 9 

100 0 

Extracorporeal 

5 

13 

O h 

91 

3 5 12 0 

65 

16 0 

50 4 

circulation 

5 

6< 


117 

7 0 14 0 

10 1 

17 0 

78 3 

5 

SO 

8 

128 

11 7 17 6 

14 4 

18 0 

111 G 


It will be noted that tin m in systemic blood pi assure and the average 
renal blood flow meu isui ns tln> total perfusion flow was mciensed The 
only exception not t in' ihe moan blood piessurc m animals perfused at a 
rate of 100 cc p i lilcm n pci minute In these animals the mean blood 
piessure was actunllv sh^hllv less than in those perfused at 80 c c pci kilo 
gram pei minute \t his Wh fliw iate we had difficulty in pi eventing some 
letention of blood n tl mini and foi this reason this flow iate was not 
utilized in othei phases jl tl i study It will he noted that the aveiage lenal 
flow incieased stepwise is t’u il >w inte was mcieased It was appioximately 
noimal with a flow i ne ot 100 c i in noimothernue animals When the leml 
flow is considered is pei vent of total body pci fusion, it is evident that this 
value was only slightly bilow normal with a perfusion late of 40 e c and was 
equal to or slightly above the contiol value with the highei flow latcs When 
consideied as per cent of noimal lenal blood flow, it becomes appucnt that 
at 40 ec per kilogiara per minute the renal flow was only 23 3 per cent of 
normal This incieased at GO c c to 47 3 pei cent, at 80 c c to 71 per cent, 
and at 100 c c to 91 8 pei cent 


In the hypothermic animals tlieic was also a Imeai lelationship between 
the total body perfusion on the one hand and blood piossme and icinl blood 
flow on the othei 4s the flow iate was incensed the blood p.essmc was 
elevated and the lenal blood flow lose The lonnl blood flow was about half 
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normal at a flow rate of 40 c.c. per kilogram and was slightly greater than the 
control value at a flow rate of 80 c.c. "When renal flow is considered as per 
cent of total body perfusion, it is evident that the per cent was only slightly 
less at the three different flow rates than in the control animals. When viewed 
as per cent of normal renal blood flow it was approximately half the control 
value with a flow rate of 40 c.c. per kilogram per minute, in contrast to about 
23 per cent in the normothermic animals. At a perfusion rate of 60 c.c., the 
value was 78.3 per cent, in contrast to 47.3 per cent in the normothermic ani¬ 
mals. Tlie per cent was greater than the control with a flow rate of 80 c.c. 
per kilogram per minute. 

Similarly, in both normothermic and hypothermic animals, the mean 
systemic blood pressure and the average portal flow increased stepwise as the 
perfusion rate was increased (Table II). The values of blood pressure and 
of portal flow exceeded the control in normothermic and hypothermic animals 
at a flow rate of SO c.c. per kilogram per minute. When portal flow is con¬ 
sidered as per cent of total body perfusion it is evident that at each of the 
three different flow rates under normothermic conditions the percentage of 
portal flow exceeded that of the control. In the hypothermic animals the 
portal flow was a somewhat smaller per cent of the total at flow rates of 40 
and 60 c.c. per kilogram per minute and was approximately normal at a per¬ 
fusion rate of 80 c.c. When the portal venous flow is considered as per cent 
of the normal control values, we find that in normothermic animals at a flow 
rate of 40 c.c. the portal flow was about one third, at 60 c.c. approximately 
one half, and at SO c.c. a little more than the normal. In hypothermic animals 
at a flow rate of 40 c.c., the portal flow was 42.6 per cent of the normal, at 60 
c.c. a little more than three quarters of the normal, and at 80 c.c. 125 per cent 
of normal. 


Table II. Studies of Portal Blood Flow 


1 

i 

NO. 

OF 

POGS 

CARDIAC OUT¬ 
PUT OR TOTAL 
BODY PER¬ 
FUSION 
(C.C./KG./ 
MIN.) 

AVERAGE 

ESO¬ 

PHAGEAL 

TEMP. 

AVER- | 
AGE 
BLOOD 
PRES¬ 
SURE 
(MM. 
«g) 1 

RENAL BLOOD 
FLOW 

(C.C./KG./MIN.) 
RANGE | MEAN 

PER CENT 
OF 

CARDIAC 

OUTPUT 

PER CENT 

OF 

NORMAL 

FLOW 

Normothermic Animals 








Controls 

20 

130 

3G.7 

121 

20.2-45.9 

30.1 

23.2 

100.0 

Extracorporeal 

5 

40 

37.1 

75 

9.G-12.7 

10.9 

27.3 

36.0 

circulation 

5 

GO 

37.3 

112 

10.7-20.2 

15.G 

2G.0 

52.0 


5 

80 

37.0 

154 

21.1-46.G 

33.0 

41.3 

110.0 

Hypothermic, Animals 








Controls 

30 

59.1 

28.7 

108 

12.8-31.6 

21.6 

36.5 

100.0 

Extracorporeal 

5 

40 

29.9 

102 

7.9-11.5 

9.2 

23.0 

42.6 

circulation 

5 

CO 

29.8 

111 

11.2-22.5 

1G.7 

27.S 

77.3 


5 

80 

30.1 

127 

17.1-34.4 

27.0 

33.8 

125.0 


Data concerning combined renal and portal blood flows are tabulated in 
Table III. Regardless of whether the animal was normothermic or hypo¬ 
thermic, both the renal and portal flows tended to be approximately the same 
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at anj gn on flow l ito The combined icnal and poital flows m both gionps, 
foi example, weie appioximately 1G e e pei kilogiam pel muratc at a flow 
late of 40 c e and appioximatelj 27 e c at a flow late of GO The mean com 
bmed flow was 504 e e in the noimothtnmc and 414 c c in the liypothciHiie 
gioup at a pei fusion late of 80 c e Combined renal and portal flows at the 
tlnee diffoient rates undei noimothemuc conditions lepiesented the same 
oi a gieatei pei cent of the total bodj perfusion than was tiue m contiol 
animals In the hypotheimic gioup, the combined sallies for icnal and poital 
flow were slightly less than the conti ol at flow lates of 40 and GO cc pei 
kilogiam pei minute and repiesented appioximately the same pei cent of the 
total body peifusion when a flow late of 80 c e was used When expressed 
as pel cent of noimal, the combined renal and portal blood flows increased 
m both gioups as the peifusion rite was met eased In the normothermic 
animals they were 92 3 per cent of the normal at a flow late of 80, while m 
the hypothermic gioup the} were 120 pei cent of the control at the same pei 
fusion late 


Table III Combined Renal and PorTAL Blood Flow 



NO 1 
1 OF 1 
| DOGS | 

C\FDIAC OUTPUT 

Or TOTAI BODY 
PEP FUSION 
(CC/KG /MIN ) 

COMBINED PENAL 
AND POPTMj ' 
FLOW : 

(CC/KG /MIN ) 1 

PEF CENT OF 
CARDIAO 
OUTPUT 

PER CENT OF 
NOFMAL 
FLOW 

Normothermic Animals 






Controls 

62 

12S 

54 0 

42 7 

100 0 

Extracorporeal 

10 

40 

16 6 

41 5 

30 4 

circulation 

10 

60 

27 2 

45 3 

40 8 


10 

SO 

50 4 

G3 0 

92 3 

Hypothermic Animals 

Controls 

20 

61 9 

34 5 

55 7 

100 0 

Extracorporeal 

10 

40 

10 7 

39 3 

46 0 

circulation 

10 

GO 

26 8 

44 7 

77 7 


10 

80 

414 

517 

120 0 


Out studies showed, m geneial, a rathei hneai relationship between the 
volume late of total body perfusion, on the one hand, and the mean sjstemic 
arfenal blood piessuie and mean leual blood flow, on the othei It is intci 
esting that the mean icnal blood flow and the mean poital blood flow in cubic 
centimeteis per lulogiam pei minute weie almost precisely the same m noimo 
thermic animals and m hypothermic animals at any given flow late Since 
the renal blood flow in normal control dogs, rendered moderately hj potlicrmic, 
is only appioximately one half that of normotliernne animals and, since poital 
flow' of hypothermic noimal dogs is onlj approximately two thuds that of 
the normothermic animal, both icnal and portal flows at any given flow late 
repiesented a larger per cent of normal conti ol v allies in the hypothoinuc 
animals A gieat reduction in total basic metabolic icqunemenls is known 
to be achieved by rendering an animal modelatclj Inpotheinue These studies 
would, therefoie, lead one to believe that, at any gnen rate of total liodj 
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])eri'usion, tlie kidneys, splanchnic .area, and live)' are heller supplied with 
blood with respect lo metabolic needs in the hypothermic than in the normo- 
thennic state. 

Creech and bis associates'* have studied cerebral blood flow during extra¬ 
corporeal circulation and they also observed a linear relationship between 
cerebral blood bow and systemic blood pressure. They noted this relationship 
regardless of the perfusion rate. These observations were further borne out 
by the magnetic rotometer measurements of cerebral blood flow carried out 
by TIalley and his colleagues.® They felt that although there was a good rela¬ 
tionship between cerebral blood flow and systemic pressure the perfusion rate 
itself was an unreliable index of cerebral blood bow. In our own studies of 
portal and renal flow, we noted a rather good linear relationship between the 
volume rate of total perfusion, on the one hand, and both systemic arterial 
pressure and renal and portal blood flow, on the other. 

Morris and his co-workers 10 and Beall and his colleagues 11 have studied 
renal blood flow by indirect methods during extracorporeal circulation in pa¬ 
tients. Some of these studies pertain to total body perfusion and some to a 
measured bypass of arlerialized blood into the distal arterial tree during 
thoracic aortic cross-clamping. In general they were dealing with lower 
flow rates than were used in our experimental studies. It is interesting, how¬ 
ever, that they observed that with perfusion rates of 35 c.c. per kilogram per 
minute-the values for renal blood flow were estimated to be 23 per cent of the 
control. In our studies in normothermic dogs we obtained similar results. 
With a perfusion rate of 40 c.c. per kilogram per minute the renal blood flow 
was calculated to be approximately 23 per cent of the control value. 

Our studies are perhaps slightly at variance with those recently reported 
by Beemtsma and his associates. 12 They observed some reduction below normal 
in the renal blood flow of normothermic dogs during extracorporeal circulation 
both at flow I’ates above and below 50 c.c. per kilogram per minute. They also, 
however, reported that under these circumstances the mesenteric flow was in¬ 
creased above normal values. In conti'ast, we found that the portal flow 
was less than normal both in normothermic and hypothermic animals at 
flow rates 40 and 60 c.c. Our observations were in agreement with theirs in that 
at a flow rate of SO c.c. the portal flow was above normal. This was true both 
in normothermic and hypothermic animals. 

The paucity of postoperative difficulties which might be attributable 
either to hepatic, splanchnic, or renal damage during clinical cardiopulmonary 
bypass with extracorporeal circulation would indicate that these organs arc 
ordinarily adequately protected during the period of extracorporeal circula¬ 
tion. It is not known how drastically the normal circulation to these organs 
can be decreased during a relatively brief interval without consequent damage 
to them. We do know from other studies that the kidneys are protected 
adequately by a flow of 7 c.c. per kilogram per minute for a period of 2% 
hours. 7 This represents a flow which is approximately one third of normal. 
One might assume that for shorter periods and under hypothermic conditions 
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a lesser pcicentagc of noimal cndilation would suffice Nevertheless, it would 
be wise to cn m the othei duection Under an> cn cumstances oui evperi- 
mental observations seem to indicate cleail} that louci flow lates undei hvpo 
thernia are comparable to highei flow r lates undei tioimotheinuc conditions 
with lCgaid to pci cent of noimal icnal and poital blood flow 


summary 

Renal and poital blood flows have been measuied duimg caidiopnlmo 
nny bj pass with cxtiacoipoieal cn dilation In both nonnothermic and 
hypotheume animals a lineal relationship is observed between blood piessiue 
and lenal and poital flow on the one hand and the -volume late of total bodj 
perlusion on the othei Renal blood flow and portal blood flow are approxi¬ 
mately the same at any give peiiusion late m both hjpotheimic and nor mo 
theinuc animals At any gi\en perfusion late both icnal and poital blood 
flow lcpicscnt a higher pcicentagc of noimal contiol \allies in hypothermn 
animals than m those winch aie noimotlieimic 
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PULMONARY FUNCTION IN THE IMMEDIATE 
POSTOPERATIVE PERIOD 


Observations of Vital Capacity, Timed Vital Capacity, and Maximum 
Expiratory Flow Rates in Two Groups of Thoracotomy Patients and 
a Group of Nonthoracotomy Patients for Seven Postoperative Days 

T. C. Smith, M.D., F. D. Cook, AID./* T. J. DeKornfeld, M.D.** 
and K. L. Siebecker, Al.D.,* Madison, Wis. 

I x recent years, physiologists have made great strides in understanding mech¬ 
anisms and limitations of the normal lung. Their techniques have been ap¬ 
plied to pathologic states with resulting improvement in rational diagnosis and 
therapy. Most studies in patients following pulmonary resection, however, have 
been concerned with the long-range results of such therapy. There have been 
relatively few studies of the immediate results of such surgery, except in the 
first few postoperative hours or first postoperative day. 

This report is part of a program of investigation of the day-to-day changes 
in pulmonary physiology following thoracic surgery. Using the car oximeter, 
Siebecker, Sadler, and Mendenhall 1 showed that there was significant postopera¬ 
tive oxyhemoglobin desaturation in patients who had undergone thoracotomy 
which lasted up to 8 to 10 days. The most marked desaturation was on the 
second and third postoperative days. Smith and Siebecker 2 subsequently dem¬ 
onstrated that segmentcctomy, lobectomy, and other thoracic procedures were 
all attended with desaturation, with a tendency to more severe impairment after 
the more severe procedures. Their results indicated that decrease in diffusing 
capacity for oxygen and diffuse subelinieal atelectasis were not likely mech¬ 
anisms of the observed desaturation. Mastio and Allbrittcn 3 and ITood and 
Beall' have demonstrated alveolar hypoventilation with resulting respiratory^ 
acidosis in the recovery room and through the first post-thoracotomy day. This 
report deals with some of the factors that might be responsible for hypoventila¬ 
tion and delineates their changes during the first postoperative week. 
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MATERIAL AND METHODS 

Seventy-live patients, divided into three groups, were studied. Essential 
data are contained in Table I. The first subgroup was composed of 2-1 consecu¬ 
tive patients undergoing thoracic surgery for pulmonary tuberculosis at the 
Veterans Administration Hospital, Madison, ‘Wisconsin. These patients, all 
male, had been on anti-tuberculosis chemotherapy and limited activity for sev¬ 
eral months or more. The majority had segmentectomy or lobectomy to remove 
residual foci of disease. In addition, there were two pneumonectomies for de¬ 
stroyed lungs, one post-pneumonectomy Xvalon sponge plombage, and one decor¬ 
tication following tuberculous empyema. The second group of 2G consecutive 
patients underwent thoracotomies for pulmonary tuberculosis at University Hos¬ 
pitals, Madison, Wisconsin. In this group, intercostal neurectomy was prac¬ 
ticed at the time of thoracotomy in an attempt to relieve the syndrome of late 
intercostal neuralgia. Except in regard to sex, this group was comparable to the 
first as regards age, the procedures undertaken, anesthesia, and postoperative 
complications 


Tadie I Patient Material 



24 THORACIC 
PROCFDURFS 

20 THORACIC 
PROCEDURES WITH 1 
NFURECTOMY | 

25 PERI NrAL AND 
EXTREMITY PROCFDURFS 

Se\ 

AU male 

12 Female 

14 Male 

10 Female 

9 Male 

Average ago range 

37.0 (23 54) 

39 7 (20 60) 

46 2 (19 74) 

Operations 

18 Segmental 
resections 

2 Lobectomies 

2 Pneumonectomies 

2 Others 

15 Segmental 
Tcscctions 

6 Lobectomies 

2 Pneumonectomies 

3 Others 

13 Vaginal 

7 Orthopedic 

8 Plastic 

2 Urologic 

Premedication 

Belladonna 

Belladonna + opiate 

Belladonna + opiate 

Anesthesia 

N ; 0, Tluobarbiturate 
opiate, relaxant 

N.O, Tluobarbiturate 
relaxant 

18 Inhalation 

6 Inhalation + IV 

I Spinal + mlnlation 

Complications 

5 Major respiratory 

7 Others 

7 Major respiratory 

9 Other* 

1 Major respiratory 

1 Major 

gastrointestinal 

17 Others 

Deaths 

15th postop day 

5th poMnp da\ 

None 


The third group, which was included for purposes of comparison, was com¬ 
posed of patients of both sexes undergoing operations on the perineum or the 
extremities None had significant cardiovascular or respiratory disease and none 
had pain associated with cough or respiration. All were elective operations for 
conditions not an immediate threat to life. The average duration of anesthesia 
for this group was not significantly dificicnt from that of the thoracotomy pro¬ 
cedures. 

Forced vital capacity and timed vital capacity Mere recorded by the method 
of Curtis and his associates. 5 Tno or more records were taken each day and 
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the largest vital capacity was used. All volumes were recorded at ATPS (am¬ 
bient, temperature and pressure saturated). Records taken from a recording 
barograph and thermometer during a portion of this study indicate that change 
to BTPS (body temperature and pressure saturated) or STPD (standard tem¬ 
perature and pressure dry) would not have altered the interpretation of the 
results. Preoperative records were made the day before the procedure and its 
aims were carefully explained to the patient. All patients were in a modified 
Fowler’s position (about one half) during the testing. Postoperative measure¬ 
ments were made on the first through the seventh postoperative days in the mid 
to late afternoon. Oxygen therapy was discontinued for at least one-half hour 
before the measurements were made. The patients in the fust Ihoracotomy 
group had oximeter studies shortly after the forced vital capacity tracings, re¬ 
sulting in higher average oximeter readings than had been found in resting pa¬ 
tients previously studied. In the second thoracotomy group, oximeter studies 
were not made until 5 to 10 minutes after the vital capacity measurements. Oxim¬ 
eter studies were also delayed 5 to 10 minutes in the control group. 

RESULTS 

Although there was considerable variation from patient to patient in all 
three patient groups, there was a striking tendency for the lowest values in any 
of the tests to be recorded on the second and third postoperative days in the two 
thoracotomy groups. Lowest values in the comparative group were recorded on 
the first postoperative day. The average values for each of the groups are tab¬ 
ulated in Tables II, III, and IV. It is obvious that patients undergoing thoracic 
surgery experience much greater alteration in pulmonary function than patients 
undergoing procedures far removed from the chest. It is also apparent that 
the impairment is of longer duration. 


Table II. Vital Capacity, Oxygen Saturation*, Timed Vital Capacity, and Maximum 
Expiratory Flow Averages From a Group op 24 Males Undergoing Thoracic Surgery 






POSTOPERATIVE 

DAY 



TEST 

PREOP. 

i i 

2 1 

3 

1 * 1 

O 

! o 

1 ^ 

Vital capacity 

Average (c.c.) 

•1,370 

1,860 

2,020 

2,020 

2,190 

2,240 

2,550 

2,540 

Average per cent of preop. 

100.0 

43.2 

46.8 

46.0 

50.0 

51.6 

5S.7 

59.2 

Per cent 0. saturation 

95.S 

93.7 

93.6 

93.4 

93.8 

94.1 

94.0 

93.8 

Timed vital capacity (%) 

1 second 

71 

67 

66 

65 

66 

67 

63 

04 

2 second 

85 

84 

81 

82 

82 

83 

81 

80 

3 second 

90 

92 

89 

90 

90 

90 

87 

87 

Maximum expiratory flow 

(L./sec.) 

G.o 

2.1 

2.3 

2.3 

2.3 

2.5 

2.7 

3.0 


Vital Capacity .—Vital capacities from day to day in the three groups are 
compared in Fig. 1. The vital capacity of patients undergoing thoracotomy 
decreased to an average of approximately one half of their preoperativc volume. 
This was observed within the first 24 to 48 hours postoperatively in almost all 









\o! 39 No 6 PULMONARY FUNCTION IN POSTOPF,RATIVE PERIOD 
June 19(30 


791 


Table III Vital Capacita, Onagen Satupatios, Timed Vital Caiacita, and Maximum 
Exi ip atopy Fi.oy Aaepaces Fpom a Group op 26 Patients (Both Senes) Undergoing 
Tiiopacic Surc-Ei \ 'With Neupectoaia 


TEST 

1 1- 



ros roper ative 

DAY 



| 1TEOP | 

i i 

2 

1 3 

* 1 

5 

1 « 

1 7 

\ it'll capacity 









Average (cc) 

2,700 

1,440 

1,425 

1,475 

1,520 

1,520 

1,595 

1,625 

Aieragc per cent of preop 

100 0 

53 3 

52 8 

54 6 

56 3 

56 3 

591 

60 3 

Per cent O satur ition 

06 6 

94 6 

92 8 

93 6 

94 3 

04 3 

94 5 

05 2 

Timed vital capac.it\ {%) 









1 second 

70 

75 

77 

76 

75 

75 

74 

73 

2 second 

87 

00 

88 

89 

87 

8S 

88 

87 

I second 

93 

94 

04 

02 

92 

93 

03 

93 

Maximum expiratorj flow 









( Xj /see ) 









males 

36 

1 9 

21 

21 


2 3 

26 

2 2 

females 

28 

20 

19 

21 

2 1 

20 

21 

20 

Table IV Vital Capacity, 

Oxygen 

Saturation, Timed Vital Capacity, 

and Maximum 

Lxpiratory Flow At epages 

From y 

Gpoip 

op 25 

Patients (Both Sexes) Undepcoino 

Perineal and E\tpfmit\ 

PrOCFDURES 





i 



POSTOPEPATIl E 

DAY 



tfst 

PI cop ) 

i i 

2 

1 3 1 

* i 

5 

1 6 

1 7 

Vital cipacitj 










2 960 

2 580 

2 810 

2,890 

2,840 

2,740 

2,590 

2,720 

Average per cent of prcop 

100 0 

90 0 

9S7 

99 2 

97 7 

07 8 

96 1 

9G3 

Per cent O saturation 

97 0 

96 5 

96 0 

96 0 

95 5 

96 5 

96 5 

97 0 

Timed\ital capacitj (%) 









1 second 

73 

78 

76 

75 

< i 

73 

77 

76 


88 

91 

90 

88 

90 

89 

90 

88 

3 second 

94 

06 

94 

93 

95 

04 

04 

03 

Maximum oxpiraton flow 









(L/scc ) 









males 

43 

49 

40 

5 5 

53 

6 0 

55 

5 6 

females 

2 8 

3 1 

35 

3 1 

34 

33 

38 

33 


patients Thcieaftci, tlieie was a tendency for the Altai capacitA to use sIoaaIa, 
so that, at the end of the fust postopeiatue week, it aieiaged 60 per cent ot the 
pieopuatiAe a nine This use is statistically significant (P <0 01) Tlieie 
AAas no demolish able difteience between males and females in the second 
thoiacotoniA gionp, Allien the Altai capacity was expiessed as per cent of the 
pieopeiatiie i.ilue Tlieie was not a sufficient numlici of patients to detect 
any diffeiencc between segmental resection and lobectomy, hut patients nndei 
going pneumonectomy, plombage, or decoitication e\pcnenced a gicatcr fall m 
a ital capacity than those undergoing lesser piocedures The addition of neurcc 
tomy to the snigical piocedure did not affect the postopoiatiie utal capacity 
significantly But there was a tendency foi this group to liaie a somewhat 
huger utal capacitA foi the first scieial postopciatiie dais when eompaied to 
the non neurectomy gioup 

By contiast m the gioup of patients who did not liaie a tlioiacotoinA, none 
ONpeiicnccd a dccicase in Altai capacitA moie than 50 pel cent and the aioiage 
fall was only 10 pei cent This ocelli led on the first postopciatne day On the 








792 


SMITH, COOK, 1)K KOltN FELD, SIEBECKER 


J. Tlioractc and 
Cardiotas. Surg. 


second postoperative clay, and thereafter, there was no significant difference 
from the preoperative average. The scatter in this group was large and some 
postoperative patients were found to have a vital capacity increased to 140 per 
cent of their preoperative capacity. A reasonable explanation of this is a com¬ 
bination of adaption to the testing technique and relief of anxiety following 
their successful surgery. 

Timed Vital Cajiacity. —Timed vital capacity was measured at intervals of 
1, 2, and 3 seconds and expressed as per cent of that day’s vital capacity. Aside 
from the observation that the averages of all three groups were uniformly 
slightly below the accepted normal values, no significant change in timed vital 



op 

Postoperative Day 

Pig. 1.—-Vital capacity for 7 days postoperatlvely is plotted as the average of the daily 
per cent of preoperative vital capacity. For patients undergoing perineal and extremity pro¬ 
cedures there is a slight decrease lasting only 1 day. There is a severe loss of vital capacity 
in those patients undergoing thoracotomy and pulmonary resection. There is no significant 
difference ivhen intercostal neurectomy is added to thoracotomy. The vertical lines represent 
plus and minus one standard error of the mean. 


capacity was noted. The daily averages of patients without thoracotomy at 1, 
2, and 3 seconds were several per cent above those of the patients with thora¬ 
cotomy, but the difference was not statistically significant. There was no sig¬ 
nificant sex difference. 

Maximum Expiratory Flow Bate .—Since the timed vital capacity is a 
function of vital capacity and expiratory flow rate, and since both are severely 
reduced in the postoperative period, the maximum expiratory flow rate is a more 
objective measurement. It is well known that there is a marked sex difference 
in normal values of this measurement. This difference was found in both of 
our groups of mixed sexes. Fig. 2 shows the maximum expiratory flow rates 
of all three groups of patients with subdivision by sex in the appropriate 
groups. Following operation in the control group of patients, the expiratory 
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flow rate shows an mciease above the preoperative value This mciease is be 
heved due to both a learning piocess and satisfaction at a successful outcome 
of a mmol opeiation In conti ast, the maximum expiratory flow rate of thoia- 
cotomy patients was seveiely reduced m the first 24 to 4S hours Thereafter 
thcie was a tendencj tovvaid linpiovement which, however, was of minimal do 
giee Male and female both had similai absolute values m the lange of 2 0 to 
25 L pel second This lepicsents a gieatei pel cent fall foi the male, neailv 
40 pei cent, as opposed to 25 to 30 per cent for the female 

Oximdiy —In the contiol group theie was no significant blood oxjgen 
desatuvation found postoperative!! with the exception of 3 patients who had 



Pre- 1 2 3 4 5 6 7 

°P Postoperative Day 


Fig 2—Daily maximum expiratory flow rates for 7 postoperative tla>s is compared with 
pieoperative values Patients undei going perineal an 1 eStremltj procedures show a slight 
<ia> to ila> rise as they learn to perform tire test better Patients undergoing thoracotomj 
suffer a marked fall with insignificant inurovement in the first postoperative week 

saturations of S7 to 90 pci cent in the first 3 days These patients did not seem 
depiessed clinically at this time and suffeicd no complications that could he 
associated with this dcsatuiation The observed values maj lepiesuit an enoi 
of the oximetci m these patients The avciage saturations of both thoiacotomj 
gioups fell significantly (P <0 05) icachmg a low of 2 to 3 pci cent below 
ptcopciative saturation oil the second and thud days No sox diffeicncc 
was evident m the second group Since all of these measurements were made 
after two or moie forced vital capacity doteimunitions, they were expected to 
be somewhat lughci than those found in the undistuibed patients Mcasuie 
ments m tlie fiist group of tlioiaeotomy patients were obtained slioitlv nftei 
the vital capacitv measmements and showed giadual dav to dav change This 
is consistent with pievions observations' - Since a different oximeter was used 
foi the two thoracotomj gioups, the tendency foi the first thoiacotomj group 
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to be lower than the second probably represents a systematic error in the in¬ 
strument. The changes in blood oxygen saturation found in the second thora¬ 
cotomy group (which were recorded 5 to 30 minutes after the vital capacity 
measurements) showed a greater decrease in saturation with the lowest values 
being recorded on the second postoperative day. There was no significant change 
from day to day in the patients who did not have a thoracotomy and the sat¬ 
urations recorded were considered representative of the random scatter found 
with this instrument. 

Clinical Observations .—Most patients in all three groups had quite benign 
postoperative courses as assessed clinically for their procedures. This is a re¬ 
flection of modern surgical, anesthetic, and nursing teclmiqucs. There was a 
death in each of the thoracotomy groups. One patient, 15 days after a pneumo¬ 
nectomy, died in right-sided congestive heart failure. The other died 5 days 
following an Ivalon sponge plombage, with severe bronchopneumonia, conges¬ 
tive heart failure, and multiple pulmonary thromboses. Both were severely ill. 
Both had vital capacities below 30 per cent of their preoperative value, and 
both were clinically cyanotic. That both had a timed vital capacity of 60 per 
cent or more for the several days prior to death is merely a reflection of the 
evere reduction in lung volume. Maximum expiratory flow rate of both was 
ess than 0.9 L. per minute terminally, which is a markedly reduced value (nor¬ 
mally 3 to 6 L. per minute for males). 

Observations of respiratory rates showed a wide scatter from 4 per minute 
after a moderate overdose of Levo-Dromoran to 60 per minute terminally in a 
dying patient. Tachypnea was very frequent following the stir-up regime or 
taking of a chest roentgenogram. The respiratory rates recorded on the pa¬ 
tient’s chart by ward personnel (mostly aides) correlated best, however, with 
the numbers 18, 20, and 22. This phenomenon has been described in detail. 0 
Pulse rates were somewhat more carefully observed and recorded and values 
found in the patient’s chart were not far from values personalty counted in 
several dozen spot comparisons. There was the usual diurnal variation. This 
was grossly modulated by pain relieving medication in one direction, and by stir- 
up procedures in the other. For illustrative purposes, the average envelopes of 
daily pulse rates are shown for the three groups in Fig. 3. The low values 
were usually recorded between the hours of 11 p.m. and 6 a.m., and the high 
values between 12 noon and 6 p.m. Both thoracotomy groups have been pooled 
for this figure. 

Narcotic consumption in these three groups of patients is interesting. Nar¬ 
cotics were administered upon request of the patient, but potency and dosage 
were individually adjusted and regularly decreased after the second postopera¬ 
tive day. If possible, nothing stronger than codeine was given past the sixth or 
seventh postoperative day. In the thoracotomy group, maximum requirement 
(average 5.3 injections, usually 1 to 2 mg. of Dilaudid, per patient per day) 
was found on the second and third postoperative dajq with reduction to three 
oral doses (usually 30 mg. of codeine) per patient per day by the second week. 
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In contrast, the maximum dosage in the control group was found on the first 
postoperative day (average 4.5 injections, usually 75 to 100 mg. of meperidine, 
per patient per day). On each of the next 2 days, the average number of 
doses per patient urns halved. By the fifth postoperative day, only nine doses 
of codeine were administered to the entire group of 25 patients. 

Complications .—There were eleven instances of nausea and emesis in the 
control group, eight of 2 days’ duration, and one of 3 days’ duration. In addi¬ 
tion, there was 1 patient with acute pi el it is, 4 with undiagnosed temperature 



Fig 3 .—Upper 
thoracotomy * -* 
ity procedurt 
group, but in 
Lower 

declines muc 
pain without 


giaph —Daily average of the highest and lowest pulse rates recorded for 
r - r oAwerod xyith those of patients with perineal and extrem- 

;ant elevation foi several days in the former 

is gi eater in the thoracotomy patients and 
?e wrerc individually adjusted so as to rcUe\c 


elevations, 1 with paralytic ileus, 1 with parotitis, and 1 who developed hypo¬ 
static pneumonia. With the exception of the patient with pneumonia, the sat¬ 
urations, expiratory flow rates, and vital capacities of these patients were not 
markedly abnormal. 

Of the thoracotomy patients, there were 14 who developed major respiratory 
complications, including atelectasis, large hydropneumothorax, pneumonia, or 
empyema. There were eleven minor respiratory complications including patchy 
atelectasis, requiring no more than stir-ups to correct, or minor degrees of pneu- 
mohydrothorax. There was no nausea or vomiting of more than 4 hours’ dura¬ 
tion. There ■were no extrathoracic complications. 

In general, these complications in all groups were of the expected nature 
and frequency for the procedure undergone. 
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DISCUSSION 

The data here presented confirm previous reports of postoperative blood 
oxygen desaturation. They shed light on certain possible causes of hypoxemia 
and suggest further studies. 

Timed vital capacity, as originally proposed, was intended to separate ob¬ 
structive from restrictive pulmonary disease. If this interpretation is made of 
our results, it suggests that there is no gross obstruction imposed by thora¬ 
cotomy. Gross changes in vital capacity as demonstrated are striking. Several 
patients were found to have vital capacities hardly greater than their tidal vol¬ 
umes. This undei'lines the importance of adequate re-infiation of lungs at the 
time of surgical closure and of prompt, vigorous treatment of atelectasis to pro¬ 
vide as great a pulmonary reserve as possible. The late results of pulmonary 
resection have been shown frequently to be a small reduction in vital capacity. 
From this study, it is apparent that this capacity is onl.y slowly achieved and 
for the first week or more respiratory reserve is dangerously small. 

The maximum expiratory flow rate is perhaps the most interesting observa¬ 
tion. This may be considered a test of the mechanics of breathing. “When con¬ 
sidered in correlation with the reduction of vital capacity, it shows that some 
<atients subjected to thoracotomy must breath at or near their maximum breath¬ 
ing capacity. If there was no gross obstruction to air flow, as suggested by the 
timed vital capacity results, the reduction in flow rates must be due to a de¬ 
creased force of expiration. Since narcotics may improve respiratory function 
in patients following surgery, 3 liberal but individualized narcotic dosage should 
be given. This point deserves further investigation. 

Finally, it should be noted that the hemoglobin saturations recorded here 
are midway between the values before and after stir-up, as previously reported. 2 
Since the blood oxygen saturation measurements were made from several min¬ 
utes to 10-minute intervals after the two vital capacity efforts, it indicates the 
necessity of frequent stir-ups and the importance of patient cooperation in the 
postoperative nursing care if hypoxemia is to be fought adequately. Compla¬ 
cency is a danger well into the second postoperative week. Oxygen therapy 
should be considered for longer than the usual 6 to 24 hours. 

There was no consistent tendency for the patients experiencing complica¬ 
tions in our groups to have low values in any of the four measurements re¬ 
ported. Indeed, many patients with complications had normal or near normal 
saturations and greater vital capacity or expiratory flow rates than their group 
average. On the other hand, those patients who had low saturations (below 90 
per cent), great reduction in vital capacity (below 40 per cent) or maximum 
expiratory flow rate below 1.5 L. per second, were at least twice as likely to 
develop complications. 

The monograph, Pulmonary Complications of Abdominal Surgery, by Ans- 
combe 7 provides comparable data on vital capacity and expiratory flow rates 
in a number of different abdominal operations. Only 2 cases are presented 
which involve thoracotomy, both trans-tlvoracic gastrectomy. In these there is 
no real improvement in vital capacity until after the third postoperative day. 
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By the eighth day the Mtal capacity reached the pieopeiative lei el On the 
fust 3 days the vital capacity was about 50 pel cent Maximum cxpnatoiy and 
mspuatorj lates also lemained seveiely low foi the fiist 3 days In all of the 
otliei pioeedures studied, a total of 144 patients undeigoing gastiectomj, cliole 
cystectomy, neplnectoniy, appendectomy, abdominal and inguinal heiniorihaplij, 
and bladdci and piostate suigery, the nadn in the daily vital capacity and flov. 
euives was exhibited on the fiist day and was followed by piompt impiovemeiit 
with essentially normal values bv caih in the second week Furthei, there was 
rarely moie than a 40 pci cent fall m vital capacitv This indicates that there 
are maiked quantitative diffeicnces in lespnatoiy impairment following thoia 
cotomy and lapaiotomy In eithei case the conclusion is reached that depiesscd 
l espiratory function is a piedisposmg, although not neccssanly causative, factoi 
in the occunence of complications Oui pienous repoit indicated that a de 
crease in pulmonary diffusing capacitv foi oxygen is not a prominent cause of 
hypoxemia This report presents evidence that hypoientdation is largely ic 
sponsible This hypoventilation is a product of both leduction m lung volume 
and in the mechanical foiees of bieatlnng 

Companson of vital capacity and blood oxygen satuiation befoie and after 
naicotie injection was made in seveial patients All showed improvement We 
feel that the frequent requests for naieotics and elevated pulse lates me evi 
denco of pain winch limits lespiraton excursion and leads to hv povontilation 
Tins pain manifests itself in the decieased vital capacities and low expn.iton 
flows "When reaction to the suigieal trauma is superimposed upon lvypovcnti 
lation, the stage is sot foi pulmonan complications The attendant hv poxcmia 
ceitamly mteiferes with normal Junction of the otliei svstems of the bodv, 
especially in starting a vicious cycle of central nervous depiession and furthei 
hypoventilation 

We suggest that narcotic admmistiation should be more libelal with gieatei 
attention to patient vauation Addiction should not he considered a danger in 
the first postoperative week Careful patient instruction in the value and ef 
fects of the stn up legimc is indicated picopciatively Oxygen thciapv should 
be consideied a piophylaxis and continued for scvcial days with adequate hu 
rmdifieation and mechanical assistors where necessary 

SUMMARY 

Observations of the day to day changes of vital capacity, oxygen satuiation, 
timed vital capacity, and maxunum cxpnatoiy flow late in post thoracotomy 
patients aie presented and compared with similar measmements made in a 
gioup of postoperative patients who had not had a thoincolomv Maiked re 
duction in volume and expnatoiy flow late was found with insignificant 
improvement m the fust 3 postopciative days, dunng which blood oxvgen 
saturation is lowest Dunng this 3 day period, clinical signs and narcotic 
demand suggest painful respnation which pioinotcs hypoventilation The ad 
dition of neurectomy to the smgical procedure docs not alter significantly the 
immediate postopeiative changes in vital capacity, timed vital capacity, or 
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maximum expiratory flow rate, but a slight benefit is suggested. Increased 
use of the stir-up regime, more liberal narcotics for pain control, and more fre¬ 
quent use of prolonged oxygen therapy seem warranted. 
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LEFT VENTRICULAR FUNCTION FOLLOWING 
ELECTIVE CARDIAC ARREST 


John A Waldhausen, A1 D , Nina S Biatmwald, A1 D, 

Robeit D Bloodwell M D , William P Cowell, M D 
and Andteiv G Monow, M D, Betbesda, Md 

A cute heart failure is oeeasionilh obserted following a penod of cleetiyc 
cardiac airest induced in the couisc of an intiacaidiac operation employ 
mg cardiopulmonary bjpass This complication, with its attendant mciease in 
opeiative mortality i\as encountered m this clinic m patients without scieie 
pulmonary hypertension 01 other lesions predisposing to failuie and suggested 
that arrest itself might have a depiessant effect on mjoeaidnl eontiactility 
In oidei to evaluate the effects of airest and of attesting agents on the 
heart changes m mjocaidial eontiaetiliti yyeic measuted Left lentncuhi 
function cumes were utilized in the study toi this puipose and woie established 
in normal dogs before and following endiopulmonan In pass and anest induced 
bv various techniques A vcntricnln function cnr\e e\piesses the stiokc wolk 
of the ventricle over a wide lange of filling pressuics and pennits assessment of 
its contractility at inci easing degrees of stress 1 

METHODS 

The expelimental method described bv Samoff and Beiglund 1 was modi 
fied to permit its application wath extracorporeal cn dilation Ilealtln mongrel 
dogs weighing 11 5 to 22 5 kilograms wcie cmplojcd The animals were ancs 
tketized with intravenous thiopental and'ventilation was maintained hi a 
mechanical positive pressuie lespirator The cumulations and extracorpoical 
circuit are illustrated m Fig 1 The right chest was opened thiough the fifth 
intercostal space The venae cayae were exposed, the right pulmonary aitciy 
and azygos rein were dissected fice, and the pciicaidium was widely mused 
Ilepann (3 mg per kilogiam) was guen inti ay enously and the picviouslv ex¬ 
posed femoral aiteij yvas cannulated The light atiium was (annulated thiough 
the azjgos yein The right pulmonaij .uteix was occluded distalh and a thin 
yvalled stainless steel cannula was placed into the pioximal end A right pul 
monary vein yvas cannulated for mensui enicnt of left atual piessiue Lai go 
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polyvinyl catheters were placed in llie superior and inferior venae eavae through 
the right atrial appendage. The extracorporeal circuit was completed with a 
rotating disc oxygenator 2 with a single arm nonocclusive roller pump. Venous 
blood from the venae eavae was drained by gravitj r into a reservoir. To de¬ 
compress the heart, intracardiac blood was drained from the right atrium 
through the azygos vein into a reservoir which in turn emptied into the main 
venous reservoir. The temperature of the animals was maintained at nonual 
levels by warming coils on the oxygenator. The pump-oxygenator was primed 



Fig. 1.—Diagrammatic representation of tlie experimental method employed to assess 
ventricular function and provide complete cardiopulmonary bypass. GSR —right atrial drainage 
reservoir; VR —venous reservoir: SG —Statham pressure transducer. In establishing ventric¬ 
ular function curves the venous return' bypassed the oxygenator and was returned to the 
pulmonary artery through the electromagnetic flowmeter. During complete bypass the venous 
blood was oxygenated and returned through the meter to the femoral artery. 

with blood obtained from donor dogs which had been lightly anesthetized with 
thiopental. The partial pressure of the oxygen in the blood at the arterial end 
of the oxygenator was monitored by a Clark oxygen electrode 3 ; 99 per cent oxy¬ 
gen and 1 per cent carbon dioxide were added to the oxygenator at a rate equal 
to systemic arterial flow. Aortic and left atrial pressures were measured by 
Statham pressure transducers and recorded together with the electrocardiogram 
on a multichannel direct-writing oscillograph. 

When the left ventricular function curves were inscribed, venous blood did 
not enter the oxygenator but was pumped through a buffer bottle and the can¬ 
nula of an electromagnetic flowmeter 4 and into the right main pulmonary ar- 
terv. Prior to arrest, a control function curve was obtained by measuring left 
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atrial pressure and eential aoitie piessure as the flow into the pulmonaty arten 
and lienee left ■ventricular output (less coionary flow) was meieased m a step 
wise fashion Each period of observation lasted 2 minutes allowing for stalnli 
zation of all parameters and established one point on the curve The function 
curve was terminated when the mean left atrial pressure exceeded 2G cm watei 
oi systemic flow exceeded 150 ml pci kilogram pci minute 

Complete cardiopulmonary bypass was then initiated by directing the 
venous return thiougli the oxygenatoi and letuming it to the fcmoial artery 
Systemic flow was maintained at 100 ml pci lulogiam per minute Two to 3 
minutes after the initiation of bypass the ascending aorta was cross clamped 
above the coronary ostia Acetylcholine arrest was initialed by the injection of 
15 mg pci kilogram of bodv weight of the drug, diluted in saline, into the 
ascending aorta below the clamp s Ai rest with potassium citrate w as cai i led 
out by rapidlv injecting a 2 5 per cent solution of potassium citrate in whole 
blood into the ascending aorta until the heart stopped The technique w as that 
described by Jfeliose* Anoxic anest was induced bv aortic occlusion alone 
With all forms of anest, the right atrium was vented by the cannula in the 
azygos vein The lungs woie not ventilated dunng bypass Periods of airest 
were 10, 20, and 30 minutes Dunng “intermittent” anoxic arrest, the ascend 
ing aorta was clamped foi 4 minutes and ldeased for 1 minute of each 5 minute 
period 

At the end of anest total cardiopulrnonaiv bvpass was continued foi np 
pioximately 10 minutes until adequate heart action was restoied When potas 
sium citrate had been emplov ed 1 or 2 ml of 10 per cent calcium chloride w as 
injected directlv into the left ventricle to inhibit the effects of the potassium 
ion Following acetylcholine anest, 0 4 mg atropine sulfate solution was in 
jected into the enculation to neutializc the effects of tins arresting agent If 
obvious- seveie fafluie peisisted, 1 or 2 ml of cpmcplmnc (1 10,000) was in 
jected into the left ventricle Twenty minutes aftei termination of anest a 
second ventuculai function curve was obtained in a mannci similai to that 
just descubed In 2 dogs, left ventnculai function cuives wcic obtained before 
and aftei 20 minutes of total cardiopulmonarv bvpass without elective cardiac 
arrest 

Left ventnculai function was deteimined bv lelatmg left ventnculai stiolu 
work to mean left atrial piessure The formei paiametai was derived fiorn the 
equation 

LVS = (Ap - LAp) x SV 
100 


Where 

LVS = left v enti lculir st i oke w oi k giammctcis 
Ap mean aortic piessuie (cm watei) 

LAp mean left atnal piessure (cm water) 

, , svstemic flow (ml/nnn) 

SV stroke volume =-K.aitiati- 


The effect of the ai resting agent mas determined b\ a comparison of the con 
trol and post ai 1 est^enrves m each experiment In each instance the post airest 
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curve could be described as showing minimal or no depression, moderate depres¬ 
sion, or severe depression of myocardial contractility. Pail's of function curves 
illustrative of fhese classifications are shown in Figs. 2, 3, and 4. Some 
animals exhibited such severe depression that no function curve could be ob¬ 
tained following arrest. 



Fig’. 2.—Left ventricular function curves before and after intermittent aortic occlusion for 
30 minutes. This pair of curves is illustrative of minimal or no depression of left ventricular 
function. 



Vig 3.—Left ventricular function curves before and after elective cardiac arrest for 10 
minutes with potassium citrate administered by the Melrose technique. This pair of curves is 
illustrative of moderate depression of left ventricular function. 
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RESULTS 

The effects of cardiic anest on left tentnculai function wcie studied in 
44 dogs The lesults of the studies ate summarized in Table I In the 2 am 
mals studied befoie and after bypass, but without cudiac anest, left 
ventricular function emves ueie unchanged In the perfusion When potassium 
citrate was employed (15 animals), complete anest alwa\s itsulted and the 
heart evidenced no mechanical oi electrical aetmti Iloweser, restoiation of 
noimal contiaction was difficult and mtiacudiac epmcplnine was at times neces 
sary before an effectne heat could be established In 5 of the 15 animals, nr\o 
cardial depression was so seieie that no post anest function curie could bo 



MEAN LA PRESSURE (CM WATER) 

Fig 4 —Left ventricular function curves before and after elective cardiac arrest for 20 
minutes with acet>lchollne This pair of curves is illustrative of se\ere depression of left ven 
tricular function 


Table I The Effects of Vahous Fofms of Cardiac Attest on Lfft Ventmculai 

Function 
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obtained. With 20 and 30 minutes of arrest, 6 of 7 dogs revealed severe de¬ 
pression when potassium citrate was employed. At 10 minutes, 2 of 8 hearts 
were unable to sustain the systemic circulation but 3 showed minimal or no 
depression and 3 showed only moderate depression. 

Thirteen dogs underwent cardiac arrest with acetylcholine. When the 
agent was injected into the ascending aorta the heart usually stopped for 2 
minutes and then resumed a beat at a slow rate. At the end of arrest, especially 
in those animals in the 20- and 30-minutc groups, ventricular fibrillation fre¬ 
quently occurred, but in general was readily reversed by electrical shock after 
coronary perfusion had been restored and atropine administered. However, 
in 3 animals, depression was so severe that no post-arrest function curve was 
obtainable. When arrest with acetylcholine was employed for only 10 minutes, 
5 of 6 animals had minimal or no depression and 1 showed moderate depression. 

Sixteen dogs were subjected to arrest induced by anoxia. After the ascend¬ 
ing aorta was clamped, the heart usually continued to beat for approximately 5 
minutes but with gradually deci’easing vigor until mechanical activity ceased. 
Ventricular fibrillation was not uncommon but was readily converted to a sinus 
mechanism by shock and the restoration of coronary perfusion. Normal sinus 
rhythm was re-established in all 16 animals. After 10 minutes of arrest, 3 
dogs showed minimal or no depression, 2 showed moderate depression and 1 
had severe depression of function. After 20 minutes of anoxia, 2 dogs showed 
minimal impairment of function, 1 moderate and 2 severe depression. 

When the aorta was intermittently occluded for 30 minutes, only 1 of 5 
dogs exhibited any significant depression of ventricular function and in this 
animal it was of only moderate severity. 

DISCUSSION 

The experimental study described was suggested by the clear evidences of 
left ventricular failure which were observed in a number of patients in whom 
potassium citrate arrest was employed as an adjunct to cardiopulmonary by¬ 
pass. The value of ventricular function curves as effective indicators of changes 
in contractility is apparent from a comparison of the pre- and post-arrest curves 
reproduced in Figs. 3 and 4. When the ventricle is performing little work, de¬ 
pression of function may not be apparent since filling pressure may remain low. 
When, however, the heart must deal with a greater work load it may be able to 
do so only with a greatly increased filling pressure, if at all. 

The majority of patients operated upon for heart disease have an increased 
myocardial work load and although a successful correction of the anatomic 
lesion may substantially reduce this, the trauma of the operative procedure may 
offset this beneficial effect in the early postoperative period. It has been shown, 
for example, that right ventriculotomy alone impairs ventricular function. 7 
Thus the additional depression of ventricular function caused by cardiac arrest 
may be sufficient to result in fatal heart failure. 

The ventricular function curves in the present study were established by 
modification of the methods described by Samoff and Berglund 1 and Stirling 
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and. his associates 7 Although the measurements ol si stemic flow did not include 
the coionaiy flow, the magnitude of the lattei has been shown to be too small 
to bo of significance m such expenments 1 The heait late was not maintained 
constant duimg the studies, even though the late can influence \entiicular func 
tion 8 llowciei, it was eonsideied that the conditions of the study paralleled 
the clinical situations m which anest is employed and rate is not contiolled 
Deeompicssion of the heart dunng the anest and recovery periods has been 
shown to be an important adjunct to the technique 0 and the adequacy of diain 
ago was shown bv the fact that the mean left atrnl piessure remained low dui 
mg airest 

In the piesent studi the methods of caidiac arrest most often employed 
clinically weic evaluated Potassium citiate was umfoimly responsible foi 
seveie depression of function attci 20 and 30 minutes of anest Even at 10 
minutes, 2 of 8 dogs could not maintain a heartbeat Calcium clilonde was in 
jected into the left ventricle to inhibit the effects of the potassium ion, since it 
is known that these two ions have a directly antagonistic action Howevei, opi 
nephnne was at times loquired foi the heaits to resume any function and they 
vveie often observed to be flabby and weak These findings in legard to potas 
sium citiate anest aie in contiast to those of Darby and eo vvorkeis 10 who did 
not observe depression of eontiactility when the effects of potassium weie as 
sessed with the Walton Biodie stiain gauge aicli The latter method, howevei, 
measmes the function of only an isolated vcntncnlai segment and Gilbeit" has 
shown that tlic distnbntion of the anestmg agent is not nocessaiilv uniform 
Both clinical 17 and experimental studies 13 have demonstiated that the infusion 
of potassium citrate into the coionary bed may pioduce myocaidial necrosis 
and it is suggested that tlus anatomic lesion is lesponsiblc foi the physiologic sc 
quelae noted 

The hearts ariestcd with acetvlcliolme evidenced vntuallv no impairment 
of function when the penod of anest was 10 minutes Howevei, with longei 
periods of arrest the function emies were as severely depieased as with potas 
sium citiate These hearts, m contrast to those auested with potassium, alwavs 
losumed a heat, sometimes aftei a penod of vcntucular fibrillation, and epineph 
nne was seldom necessaiy As noted above, the penod of complete anest with 
acetylcholine seldom lasted moie than 2 minutes but the slow heat which ensued 
would certainly not hampei the peiformance of an mtraeaidiac procedmo 

Unintenupted aoitic occlusion loading to anoxic caidiac anest apparently 
icsulted in less impairment of vcntucular function than eithei potassium citiate 
or acetvlcholine at 20 minutes The data do not clearly show an advantage of 
anoxia ovoi acetvlcholine at this time lrat it was not eonsideied that further e\ 
penments to establish this point weie necessary Severe depicssion was obscived 
in only 3 of the total of 11 dogs m which the effects of anoxia were studied foi 
10 oi 20 minutes and m evciv instance the function of flic heart was good 
enough to permit the curves to he established aftei the airest penod When 
the aorta was clamped mteinuttentlv foi 30 minutes ventricular function w is 
virtually unchanged The heart, under these cncnmstances, nevu evidenced 
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complete lack of contraction but, as with acetylcholine, the slow heat which con¬ 
tinued would not have interfered with a surgical procedure. In these animals 
epinephrine was never necessary in the post-arrest period. 

Pail's of ventricular function curves cannot be related by any simple mathe¬ 
matical index and it is apparent that the results of the experiments described 
do not lend themselves to quantitative analysis. The evidence seems abundant, 
however, from the marked qualitative differences in the curves, that cardiac ar¬ 
rest induced for more than 10 minutes with either potassium citrate or acetyl¬ 
choline is almost uniformly associated until subsequent severe depression of myo¬ 
cardial function. These physiologic observations and the histologic observation 
of myocardial necrosis in the hearts of patients dying after potassium arrest 12 
have led to the abandonment of this technique at the National Heart Institute 
in clinical practice. Intermittent aortic occlusion has proved the most satisfac¬ 
tory method for securing a dry and quiet field. It cannot he employed, how¬ 
ever, in operations requiring aortotomy for extended periods and direct selective 
coronary perfusion has been found the technique of choice under these circum¬ 
stances. 


SUMMARY 

Myocardial contractility, as measured by left ventricular function curves, 
was studied in normal dogs before and after periods of cardiac arrest induced 
with either potassium citrate, acetylcholine, or anoxia (continuous or intermit¬ 
tent). Both potassium citrate and acetylcholine resulted in severe depression 
of myocardial function when the period of arrest exceeded 10 minutes. Con¬ 
tinuous aortic occlusion for 10 or 20 minutes was responsible for only moderate 
impairment of function and intermittent aortic occlusion caused no significant 
depression when continued for 30 minutes. The results of the studies suggest 
that intermittent aortic occlusion, without the infusion of eai’dioplegic agents, 
is the technique of choice for open cardiac operations not necessitating prolonged 
aortotomy. 
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THE MECHANISM AND PREVENTION OF AIR EMBOLISM 
DURING CORRECTION OF CONGENITAL 
CLEFT MITRAL VALVE 

Albert Starr, M.D., Portland, Ore. 

D uring open-heart surgery the prevention of air entrapment and subsequent 
embolization from the operative field may be difficult under certain condi¬ 
tions. The occurrence of two instances of fatal air embolism in a scries of 7 
patients with congenital cleft mitral valve, during a period in which 70 open- 
heart procedures were performed for other defects at this institution with no 
deaths due to this cause, prompted a study of the mechanism and prevention of 
this complication in the correction of this particular defect. 

The problem of air embolism during the open correction of acquired mitral 
disease has been noted by many authors. 1, s Air can be trapped in the left ven¬ 
tricle and, with the patient in the left lateral decubitus position, the right pul¬ 
monary veins may be an additional source of trapped air. The excellent studies 
of Kay and associates 3 have demonstrated that embolization from the left ven¬ 
tricle occurs only when left ventricular pressure is sufficiently great to open the 
aortic valve. This can be prevented in the dog by keeping the mitral valve in¬ 
competent until the left heart is completely filled with blood. Gott and asso¬ 
ciates 2 have described the use of a spring-like instrument called the mitral spiral 
to achieve this end. 

Pertinent data concerning 7 patients undergoing closure of partial or com¬ 
plete cushion defects involving repair of congenital cleft mitral valve are 
presented in Table I. 

The diagnosis of cleft mitral valve with persistent ostium primum or atrio- 
ventricularis communis was suggested preoperatively in all patients by the 
demonstration of left-to-right shunting at the atrial level associated with a 
systolic thrill and characteristic electrocardiographic findings. All patients had 
left axis deviation, horizontal heart, and right ventricular hypertrophy or in¬ 
complete right bundle branch block. Three had prolongation of the P-R in¬ 
terval. 

All patients were operated upon in the supine position; 6 had a median 
sternotomy. Perfusion was satisfactory in all respects and followed the prin¬ 
ciples outlined in a previous publication from this clinic. 10 At operation, 4 
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Tablf I Aik Emboiism During Cortfction of Congenital Cleft Mittal Valve 


MJMBFR | 

AGF | 

F YTIIOI OG\ 

LEFT 

\ ENTRICULAR 
CATHLTEP 

| 

MITRAL 1 
SPIRAI | 

AIP 

EMBOLUS 

RESUIT| 

COMMENT 

1 

G 

Persistent ostium 
pnmum 

Cleft mitral valve 
Cleft tricuspid 
valve 

No 

No 

No 

Died 

Death due to 
respiratory 
insufficiency 

2 

5 

Persistent ostium 
pnmum 

Cleft nutral \ live 

No 

No 

Yes 

Died 

Death due to 
air embolism 

3 

7 

Peisistent ostium 
prnnum 

(left mitral salve 

Yes 

No 

No 

Alive 


4 

11 

P rsisti nt ostium 
pi imum 

(loft mitral valve 

Yes 

No 

No 

Alive 


5 

G 

Persistent ostium 
prinium 

Cleft mitral \ahc 

Yes via atrial 
septum 

No 

No 

Alive 


G 

7 

Peisistent ntrio 
\ entricular 
canal 

No 

Yes 

Yes 

Died 

Death due to 
air embolism 

7 

17 

Peisistent atno 
ventricular 
canal 

Yes 

Yes 

No 

Alive 



patients weie found to have paitial cushion defects with a typical ostium 
pnmum atnal septal defect and cleft nntial valve One had a cleft tricuspid 
valve in addition Two patients weie found to have a complete cushion detect 
oi peisistent atnoventnculai canal The technique of collection was similai to 
that described bv others 7 and consisted of closme of the mitral and tueuspid 
clefts with mteirupted fine silk, in some instances tied over a strip of Ivalon 
sponge The associated septal defect was closed with a compiessed Ivalon 
prothesis Cardiac anest was not used In all patients, c\cept Patient 3 who 
had a persistent imumui of mitial insufficiency postopeiativelj, a satisfactory 
lepair was noted at the time of opeiation and confirmed by clinical couise oi 
autopsy 

There were thice deaths in this series The first patient and the only one 
to have a lulateial thoracotomy died of icspnatory msufficiencv aftei legam 
mg consciousness with no neuiological sequelae The otlioi two deaths were duo 
to sev ci e bi am damage 

AIR rMBOLISM 

Precautions to avoid an embolism weie taken m the first 2 patients bv 
allowing the left lieait to fill with blood pnor to complete closme of the atnal 
septal defect Wulc tlus was effective m Patient I, Patient 2 died 3t> hours 
following suigciy of overwhelming biain damage without legnimng conscious 
ness During bypass there was slowing and flattening of the electiooneephalo 
giapli despite a satisfactory' peifusion with lcspcct to at tonal and venous 
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pressures and blood gas studies. Autopsy revealed complete correction of the 
defect and no obvious cause of death. The brain appeared normal by gross and 
microscopic examination. 

As noted in Table I, special care was taken to avoid the trapping of air in 
the left ventricle in the remaining 5 patients and was successful except in 
Patient 6 who died 4 days postoperativcly without regaining consciousness. 
Care was taken in this patient to fill the left heart prior to complete closure of 
the atrial septal defect and to keep the mitral valve incompetent by means of 
the mitral spiral. Autopsy revealed excellent correction of the cardiac defect 



Pig. 1.—The cut surface of the hi am of Patient C ilemonstiates numeious hemorrhagic areas 

and small fresh hemorrhages in the leptomeninges and cerebral substance gen¬ 
erally (Fig. 1). These were confirmed on microscopic examination. 

The occurrence of fatal brain damage in 2 patients of this series, despite 
the exercise of reasonable caution with Patient 2 and the use of the mitral spiral 
in Patient 6, prompts a review of the possible mechanism of air embolism under 
these circumstances. 

While correction of acquired mitral disease is best carried out via a right 
anterolateral or lateral thoracotomy, the patients in this series were operated 
upon in the supine position via a median sternotomy or bilateral thoracotomy. 
This enables a complete exploration for patent ductus arteriosus, left superior 
vena cava and other congenital defects that cannot always be ruled out by 
cardiac catheterization and other means prior to surgery. The advantages of 
the median sternotomy in the correction of congenital cardiac defects have been 
listed by Lilleliei and others. 0 

Fig. 2 demonstrates the relationship of the left ventricle to the left and 
right atrium in the supine position. Air introduced into the left ventricle 
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during mitral valve correction via tlio atrial septal defect will rise to tlic apex 
of this chamber and may not bo easily removed except by aspiration through 
the apex itself. Maintenance of mitral insufficiency until left heart closure is 
complete may still allow air to remain in this high pocket. As left ventricular 
ejection becomes effective this will he expelled into the aorta. Under these cir¬ 
cumstances only one cubic centimeter of air per kilogram of body weight is 
necessary in the dog to cause significant brain damage and death. 5 The failure 
of maintenance of mitral insufficiency to present air embolism following 
mitral surgery for congenital eleft in Patient 6 and the success of this method 
when the right lateral or anterolateral approach is used for acquired mitral 
disease is probably explained by the dependent position of the apex of the 
heart during the latter approach. 



Fig 2—-This tians^er^c section of the trunk nt the lc\cl of the mitral valve demonstrates 
the relationship of the left \entnclo with regard to other chambers in the supine position with 
a midline sternal-splitting approach Air introduced into the left ventricle Is removed by a 
left \entricular catheter 


PREVENTION 

A reasonable approach to the prevention of air embolism following repair 
of a eleft mitral valve in the supine position would appear, therefore, to ho the 
use of a left ventricular catheter as a vent. While on suction this will prevent 
left ventricular pressure from opening the aortic valve and, prior to its removal, 
air can he removed from the apex. Thus, with the patient in the supine position 
the heart is approached by a midline sternal-splitting incision with arterial 
canmilation via the common femoral artery. The patient is then placed on 
cardiopulmonary bypass and, following adequate decompression of the heart, it 
is gently lifted from its bed as seen in Pig. 3. A small stab incision is made 
in an avascular area of the apex extending part way hut not completely through 
the myocardium. A 22 or 24 Fr. plastic eardiorascular catheter with multiple 
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side perforations is passed into the left ventricle and held in position by a purse¬ 
string suture. The heart is then allowed to drop back into the pericardium as 
in Fig. 4 and the catheter is connected to the coronary suction circuit. The 
catheter is momentarily clamped to allow left heart filling following mitral re¬ 
pair while the valve is rendered incompetent by a suitable instrument and the 
atrial septal defect is closed. The mitral spiral has proved most satisfactory 
for this purpose. As soon as the left heart is closed the catheter is undamped 
and the mitral spiral removed. The apex is now gently elevated and the 
catheter disconnected from the suction circuit and slowly removed while open 
to the atmosphere. One is quite surprised by the quantity of air expelled 
during this maneuver. The small stab incision will require one or two sutures 
for hemostasis and the heart is allowed to fall back into the pericardium. The 
patient is then taken off cardiopulmonary bypass and deeannulation is effected 
in the usual way. 

The use of the left ventricular apical catheter alone was most satisfactory 
in Patients 3 and 4. In Patient 5 no difficulty was encountered when the mitral 
valve was kept incompetent by means of a catheter passed through the ati’ial 
septal defect and left in place until the atrial septum was almost completely 
closed. This led to the use of the mitral spiral alone in Patient G with 
disasterous consequences. Catheter decompression was reinstituted with Patient 
7 and a large quantity of air was obtained from the catheter just prior to its 
removal. 

DISCUSSION 

It is of significance that two of the three deaths in this series resulted from 
brain damage and, in both of these, catheter decompression was not used. 
While it is difficult to be certain that air embolus was the actual cause of these 
two fatalities, the satisfactory bypass in all other respects and the appearance 
of air in the left ventricular catheter in those cases in which it was used suggest 
that these deaths were indeed due to air embolus from the operative field. 

The use of a left ventricular vent as a means of avoiding air embolism 
was suggested by Miller and associates 0 in the repair of ventricular septal de¬ 
fects in dogs. This has not been found necessary in the human being since the 
defect is usually in a superior position in relation to the left ventricular 
chamber and if reasonable caution is exercised to fill the left ventricle with 
blood prior to complete closure, air will not be trapped in this chamber. The 
suggestion by Kunkler and his associates'’ that the operative field be flooded 
with carbon dioxide has not gained widespread acceptance. A prophylactic 
method based upon a knowledge of the mechanism by which air trapping occurs 
is more likely to be uniformly successful. 

The use of a left ventricular decompressing catheter in operalion upon 
the mitral valve in the supine position fulfills this criterion and is suggested by 
the results in this senes of patients. This will allow continued use of the 
median sternotomy and the supine position for correction of this defect. 
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SUMMARY 

The problem of air embolism occurring in 2 of 7 patients with cleft mitral 
valve operated upon in the supine position is reviewed. The importance of air 
entrapment in the apical portion of the left ventricle as a source of this com¬ 
plication is noted and a means of prevention bj' left ventricular catheter decom¬ 
pression is suggested. This has proved to be a simple and effective means of 
avoiding air embolism in those instances in which it has been used. 

ADDENDUM 

Sinco submission, of this paper, 3 additional patients with congenital cleft mitral 
valves have been operated upon with an excellent clinical result and no evidence of air 
embolism. Two had an ostium primum atrial septal defect associated with cleft mitral 
valve and were operated upon through a right anterolateral approach. Since the apex of 
tlio left ventricle is dependent with the patient in this position, a mitral spiral alone was 
used. The third patient had a complete atrial ventricular canal and since the supine posi¬ 
tion was used with a sternum-splitting incision, both the mitral spiral and left ventricular 
decompression were used. 


REFERENCES 

1. Cross, F. S.: Discussion of Kay, Nogucira, Head, Coenen, and ZimmermanA 

2. Gott, V. L., and Lilleliei, C. AV;: An Instrument for the Prevention of Air Embolism 

During Direct Vision Closure of Atrial Septal Defects and Mitral Valvuloplasties, 
Surg. Gynec. & Obst. 108: 747, 1959. 

3. Kay, E. B., Noguiera, C., Head, L. R., Coenen, J. P., and Zimmerman, H. A.: Surgical 

Treatment of Mitral Insufficiency, J. Thoracic Surg. 36: 077, 1958. 

4. Kely, B., Adams, P., Anderson, R. C., and Lester, R. G.: The Ostium Primum Syndrome, 

A. M. A. J. Dis. Child. 96: 3S1-403, 1958. 

5. Kunkler, A., and King, H.: Comparison of Air Oxj-gcn and Carbon Dioxide Emboliza¬ 

tion, Ann. Surg. 149: 95-99, 1959. 

6. Lillehei, C. Walton, and Cardozo, R. H,: Use of Median Sternotomy With Femoral 

Artery Cannulation in Open Cardiac Surgery, Surg. Gynec. & Obst. 108: 706, 1959. 

7. McGoon, D. C., DuSlmne, J. W., and Kirklin, J. W.: The Surgical Treatment of Endo¬ 

cardial Cushion Defects, Surgery 46: 1S5, 1959. 

8. Merendino, K. A., Thomas, G. I., Jesseph, J. E., Herron, P. W., Wintersclieid, L. C., 

and Velto, R. R.: The Open Correction of Rheumatic Mitral Regurgitation and/or 
Stenosis, Ann. Surg. 150: 5-22, 1959. 

9. Miller, B. J., Gibbon, J. H., .Tr., Greco, V. F., Cohn, C. H., and Allbritton, F. F., Jr.: 

The Use of a Vent for the Left Ventricle as a Means of Avoiding Air Embolism 
During Open Cardiotomy With Maintenance of the Cardiorespiratory Function of 
Animals by a Pump Oxygenator, Surgical Forum, 1953, Philadelphia, 1954, W. B. 
Saunders Company, pp. 29-33. 

10. Starr, A.: Oxygen Consumption During Cardiopulmonary Bypass, J. Thoracic Surg. 38: 
46-56, 1959. 



THE ROLE OF EPINEPHRINE AND NOREPINEPHRINE IN 
REBOUND CARDIOVASCULAR PHENOMENA IN 
AZYGOS FLOW STUDIES AND CARDIO¬ 
PULMONARY BYPASS IN DOGS 

Chatles A Beltsle, AI D ,* Eugene F Woods, Pb D , Daniel B Nunn, 

AI D , Edwaid F Paiker, M D , William H Lee, Ji , Al D, and 
James A Rtcbaidson, Pb D , Chat lesion, S C 

S tewart and Rogoff” first lepoited that substantial inciements in aitenal 
blood pressure Mere obtained when the venae cavae weie released after a 
brief period of complete occlusion It was later observed by Walton and his 
associates 10 that a sinulai inciease in caidiac contiactile foice could be demon 
strated in this way Othet mvestigatois have demolishatod maiked changes in 
cardioi asculai functions following periods of acute seieie anoxia 10 " or hjpei- 
capma 1 The increase or rebound lias also been frequently observed dining 
studies of “azygos flow” and of experimental caidiopulmonaij bipass with 
low flow intes 10 It is the purpose ot this paper to leport on the plasma levels 
of epinephrine and norepinephrine in dogs durmg and following azygos flow 
studies and cardiopulmonan bypass at larious flow intes 

1IETHODS 

The mongrel dogs used m these expenments weie anesthetized with intra¬ 
venous pentobarbital (30 mg pci kilogiam) and respired on loom ail with an 
intermittent positive pressure mechanical lespnator Simultaneous lecoidmgs 
of aitenal blood pressuie, mjocaidial contiactile foice, and a standaid lead of 
the electiocardiogiain were made continuously A Stntham tiansducei attached 
to a femoial artenal cannula was used to monitoi the blood pleasure, and nno 
cardial contractile foice was measured bs the use of a stiain gauge aicli sutmed 
to the surface of the light ventricle A description of the strain gauge null* 
and the relationship of contiactile foice to otliei caidiovasculai eients hate 
been lepoited 4 5 0 All lecoidmgs weie made hi the use of Sanborn oi Bmsli 
multichannel recoidmg devices A light mtcicostal thoiacotomi incision m the 
fourth interspace was used m all cases 
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Tlic experiments were divided into two groups. The first group, consisting 
of 11 dogs, was subjected to azygos flow studies. Umbilical tape ligatures were 
placed around the superior vena cava distal to the azygos vein and around the 
inferior vena cava, following the methods outlined by Cohen and Lillehei. 3 

The second group, consisting of 8 dogs, was subjected to a cardiopulmonary 
bypass. The right auricular appendage was the site of insertion of two poly¬ 
vinyl plastic cannulae, one of which was advanced into each vena cava. The 
right femoral artery was cannulatcd for the return of oxygenated blood. A 
DeAVall type oxygenator, in conjunction with a Sigmamotor pump apparatus, 
was used during the bypass. 
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Pig. 1.—Effects of azygos flow on myocardial contractile force and blood pressure. Sec dis¬ 
cussion in text. 


Blood samples for the determination of the catechol amine levels were ob¬ 
tained from a cannula inserted into the opposite femoral artery. The samples 
were drawn in the following order: (1) initial control level; (2) just prior to 
the termination of azygos flow or cardiopulmonary bypass; (3) at the time of 
maximum increase in blood pressure and contractile force (if there was any 
increase); and (4) at the time of the return of contractile force to near normal 
levels. 

The plasma concentrations of epinephrine and norepinephrine were as¬ 
sayed using the fluorimetric method of Wcil-Malherbe and Bone, 17 as modified 
by Richardson and his co-workers. 13 This type of measurement and its clinical 
significance have been comprehensively reviewed by Manger and his associ¬ 
ates. 131 


RESULTS 

In 8 of the 11 dogs in the first group, occlusion of the venae cavae for 
periods of 7 to 10 minutes resulted in a rapid decline in myocardial contractile 
force. This was followed by a gradual return of the contractile force toward 
normal during the course of the continued venous occlusion. Release of the 
venae cavae after 7 to 10 minutes of occlusion was followed by an increase in 
contractility and blood pressure, generally in the range of 40 to 50 per cent 
above control levels. The maximum increment in contractile force and blood 
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piessuie occuned at appioxunateK 2 to 5 minutes alter noimal flow was le 
instated Fig 1 shows a recording of nvvoeaidul contiactile foice and blood 
pressure changes typical of those obtained m 7 dogs duimg and immediateli 
after the period ot caial occlusion Plasma k\ds ot catechol amines were 
ineasuied in G dogs As shown m Table I, the total catechol annne lei els in 
ci cased maikedly dunng the period of decieasul blood flow iiom a mean con 
trol le\el of 3 0 to 918 microgiams per htci of plasma In all experiments the 
majoi inclement was in the epmephnne fiaction although substantial mcieases 
in noiepinephnnc weie obtained m 5 animals Following the lelcase of the 
-vena ca\a, catechol amines l etui nod tow aid conti ol lei els At the time of the 
maximum lebound meiease in caidiae contiactile foice epmephnne and noi 
epmephnne lei els were still eloiatcd but wae less so than dunng the period 
of ieduced flow Vppioximatelj 15 minutes following release of the occlusion 
catechol amine conccntiations and contiactile toice had returned to neai con 
tiol levels 

Table I Piasma Citeciiol Amines Dlping Pepiods of lz\cos Flow v\d 

ClFDlOPLI WON ATI B\PASS 


CATECHOL AMINES (MICrOGPAMS PEP LITFP OF PI ASM l) 
PI TING U j j 

co\Troi TFrEO now rEnou\D keco\et\ 



Azygos Flow 
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Cardiopulmonary bypass 
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*E—Epinephrine 
tNE—Norepinephrine 
JBlood samples not obtained 

§ Fibrillation occurred as \enae ca\ae ^ere released The^e \ alucs not Include I In means 

In 3 additional expeuments m which a?vgos flow was maintained 15 to 30 
minutes, no cardiovasculai lebound phenomena weie observed In these am 
mals, contiactile force and blood piessme failed to letiun to control levels 
Seveial additional azjgos flow e\peimicnts not included m the above gioup 
were peifoimed m which attempts weie made to produce ventncnlar flbnllation 
dunng the penod of caidiovaseular lebound Digituli/ltion until to\icitv m 
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2 clogs, intravenous procaine hydrochloride in 2 clogs, and generalized hypo¬ 
thermia (28° C.) in 3 clogs were used. In none oi‘ 7 dogs did ventricular 
fibrillation oceur. 

In 6 experiments using cardiopulmonary bypass at flow rates of 20 to 23 
e.e. per kilogram per minute, it was noted that the cardiac rebound occurred 
in a similar though less intense manner than during azygos experiments (Fig. 
2). In 2 bypass experiments at a 30 c.c. flow rate, the contractile force remained 
at near normal levels during the 10-minutc period of bypass. Table I shows 
that during the experiments with flow rates below 30 c.c. per kilogram per 
minute, catechol amines were substantially elevated, while relatively little change 
in amines occurred in the experiments villi a flow rate of 30 c.c. 



Fig 2—Effects of In pass on electi octu dlogiam. mjocirdial continct!lc foice, and blood pres¬ 
sure Pee explanation In text 


DISCUSSION' 

Recent investigations concerning cardiac metabolism have altered some of 
the earlier concepts of the relationship of epinephrine and norepinephrine to the 
heart. It has been demonstrated that norepinephrine is produced by the post¬ 
ganglionic cardiac sympathetic fibers' 5 ' 15 and also possibly by the chromaffin 
tissue within the heart itself. 14 The concentration of the amines in the myo- 
cax-dium has been found to consist chiefl.y of norepinephrine with a lesser amount 
of epinephrine, the latter averaging approximately 10 per cent 12 As pointed 
out by Raab, 11 the concentration of these hormones in the myocardium is de- 
pendeht upon several factors: the intensity of response of the cardiac sympa¬ 
thetic and vagal nerve terminals to stimulation, the absorption of catechol 
amines from the circulating blood by the heart muscle, the intracardiac forma¬ 
tion of these hormones from extraneural sources, and the rate of their enzymatic 
destruction. 
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June 1960 OXJ 

The postganglionic paiasympathetic fibeis pioducc acetylcholine A bal 
ance of action of these hoimones is maintained within the myocaidium Soveial 
significant effects of the amines upon my ocai dial metabolism lia% e been obsen cd 
(1) noiepmophnne causes an ineicase in myoeaidial oxygen consumption that 
is not paialleled by a piopoitionale ineicase in caidiac vvoih, 7 • and (2) the 
catechol ammes piomoto anaciobic glyeogenoh sis that lesults m the accnmuln 
tion of lactic acid m the heai t muscle 1S 

In the e\peiimcnts leported m this papci the penod of deci eased blood 
flow piodnccd lelatne ano\ia tlnougliout the bodv It is believed that this 
ano\ic condition is the piohable stnmilns resulting m the lapid dischaige of 
the amines into the gcneial cndilation These amines aie earned to the lieai t 
which is also functioning in a ielativelj ano\ic omiionment The deci eased 
myocardial peifnsion and the anoxia to wlueli the myocaidium is subjected 
lesults m an increase in aiueiobic metabolism and the accumulation of lactic 
acid and otlioi such metabolites within the heait muscle It lias been demon 
stiatedby othcis’ that the acidosis produced by low flow late caidiopulmonaiv 
bypass procedures and a/ygos flow is of the metabolic type Weil and Ins as 
soeiatcs"' 3 have demonstiated that theic is a pool icsponse to sympathomimetic 
agents m the acidotic patient and dog Tims it may be that the acidosis and 
the accumulation of lactic acid dm mg conditions of low flow nic lesponsible 
foi the failuie of the licait to lcspond to the mcieased levels of catechol amines 
When normal blood flow is icstoied and coronmy peiiusion is adequate so that 
theic is coircetion of the acidosis and the lemovnl ot the lactic acid and othei 
metabolites from the myocaidium, then the heait is able to lespond to the ic 
maimng excessive adieneigic amines This same situation lias been demon 
strated lecently m hemouhagie liy pottnsion “* 

CONCLUSIONS 

1 The lebound phenomena have been obscived and measured duimg azvgos 
flow and low flow rate (20 to 2 r > cc per kilogiam per minute) caidiopulmonaiy 
bypass proccdiues 

2 The lebound phenomena weic found to be associated with an ineicase 
nr the levels of the plasma epinephrine and noiopinophiine 

3 The lelation between acidosis and the accumulation of lactic acid within 
the heart dining conditions of low flow rate and the l espouse of the heart to the 
mei eased levels of catechol amines are discussed 
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